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COSKOGENIC RADIONUCLIEDES Al-26 AND Mn-53 IN 
ANTARCTIC AND NONANTARCTIC CHONDRITES; V.A.Alexeev and 
A.K.Lavrukhina; V.I.Vernadsky Institute of Geochemistry 
and Analytical Chemistry USSR Academy of Sciences, ~oscow, 
USSR 

The distributions of long-lived cosmogenic radionuc-
liedes Al-26 (T112=0.72 Myr) and Mn-53 (T1/2=3.7 Myr) in 
antarctic and nohantarctic ordinary chondrites were inves-
tigated. Figure 1 shows the distributions of Al-26 in 180 
antarctic (dashed line, the histogram is hatched) and 205 
nonantarctic chondrites. To estimate the average earth age 
of antarctic chondrites a correlation analysis of the two 
these distributions was undertaken. The correlation coef-
ficient is a maximum (rm =0.84) when the histogram for 
antarctic chondrites is ~splaced by 5.4!0.7 dpm/kg to-
wards higher Al-26 content values. This displacement cor-
res~onds to ~ average earth age of antarctic chondrites 
of \98±14) 10~ years. 

Figure 2 presents the histograms of Mn-53 distribu-
tions in 112 antarctic (dashed line, the histogram is hat-
ched) and 106 nonantarctic chondrites. The correlation 
analysis of these distributions showed that the correlati-
on coefficient is a maximum (rmax=0.75) when the histogram 
for antarctic chondrites is displaced by 40%8 dpm/(kg Fe) 
towards lower ~n-53 contents. This fact can be explamed by 
several reasons: (a) antarctic meteorites have higher ra-
diation ages; (b) antarctic meteorites were irradiated in 
space by cosmic rays of higher intensity due to, possibly, 
a higher extent or a larger inclination to the ecliptic 
plane of the orbits of these meteorites. 
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METECRITE CONCE~r.r.RATION MECHANISMS IN ANTARCTICA 
by John o. Annexstad 

NASA/Johnson Space Center 
Houston, Texas 77058 

Introduction The location of most Antarctic n-eteorite finds has been on 
stagflant, highly ablative surfaces known as "blue ice." A few fragments, 
mainly irons, have been discovered on mountain sides and within moraine 
fields but these finds are exceptions to the rule. The role of "blue ice" is 
that of transporter, concentrator and preserver of specimens from the time of 
fall until find. The actual processes involved in this role are imperfectly 
understood at present but a basic theory of the n-echanism of concentration 
can be proposed from the ideas suggested by various researchers. 
Blue Ice Elue ice is formed by the compression of3 sucessive layers of snow 
accumulation when the density reaches 830 ~f/m (60 to 100 m depth in 
Antarctica) and t~e air spaces between the grains are closed off. This high 
density ice reaches the surface when sub-~lacial peaks or mountains and 
nunataks force the moving ice sheet upward. In general, surface blue ice is 
found near coastal mountains, moves very slowly if at all and is presumed to 
be quite old. 

Physical descriptions of blue ice fields have been reported [ 1 J, [ 2], 
[3], [4]. All authors reported that the blue ice fields were re~ions of high 
ablation, of little or no surface melting and of high and rather constant 
wind velocities. Other features characteristic of surface blue ice fields 
are: 

Surface cracks - small crack systems 1 to 5 mm wide interlace the surface 
ice and are oriented along and perpendicular to the direction of surface 
motion. The cracks are presumed to be tension features which contract 
and expand with changing air temperature. Whaleback forms - the ice 
surface is rippled or cupped in areas exposed constantly to the 
prevailing winds. This feature is elongated in the direction of wind 
motion, protrudes 5 to 10 ems above the surface and is separated from an 
adjacent cup by about 20 ems. Flow l:fne streaks - surface bancls of 
tephra or dust extend in a parabolic curve across blue ice fields. The 
bands are easily seen from the air. 1-foraines - medial and terndnal 
moraines such as boulder fields and/or elongated strips of detritus 
related to nearby outcrops are commonly seen near the regions of highest 
ablation. Step features - these are ice cliffs produced by a sub-glacial 
obstruction (monocline) or the retarced motion of the ice sheet 
(compressive) that tend to be located upstream from the stagnant portions 
of the ice field. These features are quite often synonymous with lerge 
concentrations of meteorite specimens. 

Concentration of Meteorities by Blue Ice - H otheses 
Yanai-Nagata Model They , [ ) discussed t e concentration of meteorites 
found near the Yamato Mountains and concluded in their papers that transport 
by ice flow was the most plausible mechanism. Their model predicts that 
meteorites which fall in an accumulation area become an integral part of the 
ice sheet and are eventually transported along flow lines to the coastal 
regions of Antarctica. As the flowing ice reaches a mountain barrier which 
impedes forward progress the ice tends to flow upward (upwells) in a region 
where ablation removes the emerging ice. Meteorites entrapped within the ice 
are eventually exposed by ablation and remain uncovered on the ice surface. 
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This model assumes a steady state condition in the concentration area 
where the emerging ice is continuously scraped away by the ablation process 
at an equal rate. One author [6] suggested a rather long path length from 
the accumulation zone to the ablation zone and predicted that most meteorites 
fell at least 1~-105 years ago. 
Nishfo!! al. Model The ice taken from a bore~ole (8 meter) near t~e 
geographical center of the Allan Hills Icefield was examined petrographically 
[7]. The age of the ice was estimated at 20,000 yrs by using accumulation 
and uplift rates and the growth rate of grains in the samples. This mo~el 
suggests that meteorites fell in an area within 25-40 km upstream of the 
concentration zone between 20 and 100x103 years B.P. The specimens were then 
transported slowly in subt~~erged ice to a stagnant blue ice area whic~ was 
produced by the barrier effect of the Allan Hills. 

To explain the existence of large numbers of meteorites and the old 
terrestrial ages, the authors proposed that: 1 - during the last ice age the 
catchment (accumulation) area was expanded greatly and meteorites which fell 
during this time are still emerging in the concentration zone, 2 - the 
maximum terrestrial age of the meteorites could be an indicator of the time 
when the ice sheet covering t~e Allan Hills began to recede. 

This model is based upon an estimated depth of the depositional ice 
between 500 and 1000 meters. The path length of meteorite travel within the 
ice is very short, but it does agree with their estimated age of the ice. 
Whillans-Cassidy Model This model [8] employs standard glaciological con-
siderations in the hypothesis and predicts that the exposed ice in the 
concentration zone must be very old. 

Meteorites that fall onto the ice sheet are incorporated into the ice and 
normally carried to the sea without being concentrated. In special places, 
the ice is prevented from reaching the sea, ablates away at the surface, 
thereby exposing t~e contained meteorites. A characteristic of such ablation 
zones is compressive ice flow which helps to concentrate the specimens. 

The rate of surface concentration of meteorites (M) is represented by 
dM crt""YAb+f- E: M s 
where y = rate of reappearance of meteorites which fell in the accumulattion 

area at the ablation zone 
A = rate of ice loss in the ablation zone, f a direct meteorite falls in the 
aElation zone, £ = sum of the two horizontal strain rates (a negative 
quantity). This m8del assumes a steady state condition between the meteorite 
infall rate and snow accumulation and that meteorites are concentrated by 
steady ice sheet flow and that ice mass is lost through evaporative 
sublimation in the ablation zone. The authors predict that the ice in the 
ablation zone can be .as old as 600xl03 years, that the older meteorites 
(terrestrial age) are found nearer the snout of the glacier and the flowline 
is hundreds of kilometers long. The combination of catchment area size and 
meteorite infall calculations predicts accurately the number of specimens 
found in the Allan Hills Icefield. 
Annexstad-Schultz Model In this model [9] meteorites which fall upon the 
Antarctic ice sheet are incorporated into the ice and transported along flow 
lines toward coastal areas. In a region like the Allan Hills Icefield where 
the seaward motion of the ice sheet is blockerl from further movement, the 
encased meteorites are brought to the surface with the emerging ice and 
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uncovered by the ablation process. Meteorites do not emerge only in the 
concentration zone, but anywhere between the snout of t}'le glacier and the 
equilibrium line. The emergence zone can be many kilometers long and is 
produced by ice flowing over a subglacial obstruction, which causes uplift, 
and the flow blocking action of a mountain or nunatak. The emerging 
meteorites are transported by horizontal compressive movement toward the 
concentration zone where they are joined by direct falls on the ice surface. 
The time it takes for the meteorite to move from its emergent location to the 
concentration area is short in comparison to its terrestrial age. 
State of Knowledge The }'lypotheses presented all agree on a basic theory of 
"blue ice" as a transport and concentration mechanism but they differ on the 
path length between accumulation and ablation zones. The path length will 
have a definite bearing on the terrestrial residence age of a specimen which 
falls in the accumulation area. Weathering as the main destructive force of 
a meteorite proceeds at a much faster rate if the specimen is exposed on the 
surface than if the specimen is encaserl within the ice. 

The ~nnexstad-Schultz model uses quantitative data based upon surface ice 
movement and ablation measurements from the Allan Hills triangulation network 
[10]. The other hypotheses are generally based upon qualitative assumptions 
derived from.general ice flow considerations and vi.sual observations. Before 
a complete picture of the concentration of meteorites by the moving ice sheet 
can be derived the following data must be obtained: 

Accumulation/ablation rates from the source region and the find area. 
Surface flow parameters including accurate strain rates and vertical 
emergence/submergence data. 
Sub-glacial topographic features from the source region to the find area. 
Oxygen/hydrogen isotopic ratios from ice cores along the path length. 
Weathering rates of meteorites showing the ice encased time and the 
surface exposure time. 
Terrestrial residence ages of all found specimens as a function of find 
location. 

From the data presented to date the hypotheses can be condensed to the 
statement: Meteorites that fall upon the Antarctic ice sheet are transportee 
within the sheet along flow lines to emergent zones of high ablation. The 
uncovered specimens are transported by horizontal surface movement of the ice 
sheet to stranding zones produced by the retardation effect of a mountain or 
nunatak. 
[1] Schytt v. (1961) Nor.-Brit-Swed Ant. Exp. 1947-52, p 183- 204. 
[2] Crary A. P. and wiiSon-c:-R:-(1961) J. Glac:-3,~0, p 1045- 1050. 
[3] Yoshida Y. and ¥.ae S. (1978) Mem. Nat. Inst. Pol-.-Res. 8, p 93-100. 
[4] Nishio F. and Annexstad J. o.-cT98oy-Mem. Nat. Inst. Pol.~· !I' p 1-

13. 
[5] Yanai K. (197e) Mem. Nat. Inst. Pol. Res. 8, p 1-37. 
[6] Nagata T. (1978)~m. Nat.-rDSt. Pol.~s.-8, p 70-92. 
[7] Nishio F., Azuma ~ lffgashTT., ano AnnexStad J. 0. (2982) Ann. G1ac. 

3, p 222-226. 
[8] Whillans I. M. and Cassidy W. A. (1983) Sci. 222, p 55-57. 
[9] Annexstad J. o. (1983) PhD Piss. U. Mainz:-FRc:-151 pgs. 
[10] Schultz L. and Annexstaa-1.~(1984) Smith. Cont. Earth Sci. ~' p 17-

22. 
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METEORITES AND THE ANTARCTIC ICE SHEET; W. A. Cassidy, Department 
of Geology and Planetary Science, University of Pittsburgh, PA 15260. 

The United States Antarctic Meteorite Program was begun in 1976, in 
collaboration with the Japan National Institute of Polar Research. It began 
as a.direct outgrowth of the original Japanese discovery of nine meteorites 
on a small part of a large ice field near the Queen Fabiola (Yamato) 
Mountains (1,2). The first two specimens during that first field season 
were found by Kiezo Yanai, on a small patch of ice between Mts. Baldr and 
Fleming, during our first 25 minutes in the field. For the next six weeks 
we worked steadily northward along the margin of the East Antarctica ice 
plateau, finding nothing until we reached a patch of exposed ice on the 
plateau side of the Allan Hills, where we found forty-three specimens during 
two brief helicopter-assisted searches (3). Over the succeeding eight field 
seasons the Allan Hills site has supplied the majority of specimens recover-
ed in the U.S. program. Other major concentrations have been located, 
however, namely at Elephant Moraine and in the Thiel Mountains - Pecora 
Escarpment region (4). 

Our ideas on the types of surface where meteorites occur have under-
gone a degree of evolution since 1976. Beginning with the idea that 
meteorites only can be stranded on ice surfaces that are completely stagnant 
due to the impoundment of ice behind an impassible barrier we later included 
ice surfaces located at sites where ice flow is not completely halted, but 
only slowed down. In addition, important concentrations of meteorites have 
been found in some moraines located downstream of rocky barriers; the 
significance of the morainal occurrences has not yet been evaluated. 

The abstract of the original research proposal for the first year of 
the U.S. program read in part as follows: "Identification of areas where 
meteorites have been concentrated in Antarctica can provide new meteoritic 
material for study, may lead to collection of rarer meteorite types that 
are better preserved under Antarctic conditions, may permit better esti-
mates of average meteorite composition, may lead to information on relative 
ages of Antarctic ice masses, and may result in discovery of previously 
unknown types of meteorites. They could also be areas where lunar ejecta 
have been concentrated." During the period of the U.S. program and the 
concurrent Japanese program it has been demonstrated that all the expected 
results involving the recovery of rare or previously unknown types of meteo-
rites, and even recovery of lunar ejecta, have been realized. The relation 
between these remarkable concentrations of meteorites and the Antarctic ice 
sheet itself has been documented less well: ice flow vector studies have 
been made (5-11) and concentration models have been proposed (12-14), 
however in many cases we still do not understand why meteorites are found at 
one site and not at another. There is some evidence (15) suggesting that 
meteorites are held at concentration sites only for relatively short periods 
of time, of the order of the periods involved in climate changes, but this 
is somewhat speculative. 

A useful term to describe a surface on which we find a concentration 
of meteorites is stranding surface. It is useful also to think of strand-
ing surfaces in terms of their degrees of maturity because this may be 
quantifiable and, if so, would allow us to compare stranding surfaces in 
order to decide, for an individual surface, how representative of the 
meteorite flux in space will be the suite of specimens collected there. A 
mature concentration of meteorites is defined as a concentration whose 
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Cassidy, v7. A. 

numbers are large enough to reflect the true abundances of meteorites in 
space, as modified by atmospheric entry processes. In dealing with the 
problem of determining the relative abundances of different types of 
met~orites on a stranding surface it is more useful to think in terms of 
relative masses of the various types than in terms of relative numbers of 
individual specimens; this is because there are serious problems with 
pairing individuals at a given site. Earlier estimates of the abundances of 
meteorite types have been based on numbers of falls in the world's collec-
tions, with each fall being counted as one regardless of its relative mass. 
Although fundamentally flawed, this method has been useful because it does 
not require that the total fall, which may be an extensive shower, be 
recovered and weighed. The Antarctic collections, on the other hand, do not 
include observed falls. Here we must rely on total recovered masses of all 
meteorite types. This may in fact give a more reliable estimate of the 
meteorite flux in space because the Antarctic accumulations have been 
integrated over longer periods of time (16); more complete collections of 
shower individuals probably are possible in Antarctica because of the 
absence of surface clutter; and the fact that the smallest individuals, 
which are most likely to be overlooked even in Antarctica, contribute the 
least mass. Thus, data have been accumulating, and will accumulate during 
future field seasons, that will allow more reliable estimates of the source 
region of most meteorites. 

REFERENCES: (1) Yoshida, M., Ando, H., Omoto, K., Naruse, R. and Ageta, 
Y. (1971) ~· Rec. 39, p . 62. (2) Shima, Makoto and Shima Masako (1973) 
Meteoritics ~ pp. 439-440. (3) Cassidy, W.A., Olsen, E. and Yanai, 
K. (1977) Science 198, pp . 727-731. (4) Schutt, J., Rancitelli, L. A., 
Krahenbuhl, U. and Crane, R. (1983) Ant. ~- of the U.S. 18, pp. 83-86. 
(5) Naruse, R. (1978) Mem. Nat . Inst . Polar Res. (Japant, Spec. Issue 1. 
pp. 198-226 . (6) Annexstad, J. 0. and Nishio, F. (1979) Ant. ~· of the 
U.S . 14, pp . 87 - 88. (7) Nishio, F. and Annexstad, J.O . (1979) Mem . Nat. 
Inst. Polar Res. (Japant Spec. Issue 15, pp. 13-23. (8) Nishio, F . and 
Annexstad, J. 0. (1980) Mem. Nat. Inst. Polar Res. (Japan) Spec. Issue 17, 
pp. 1-13 . (9) Annexstad, J. 0. and Schultz, L. (1982) Ant. ~· of the U.S. 
17, 57-58. (10) Annexstad, J.O. (1983) Dissertation, Joh. Gutenberg 
University (Mainz) , 151 pp. (11) van Heeswijk, M. {1984) Inst . Polar 
Studies Rep. No. 83, Ohio State University (Columbus), 67 pp. (12) Nagata, 
T. (1978) Mem. Nat. Inst. Polar Res. (Japan), Spec. Issue~. pp. 70- 92. (13) 
Nishio, F., Azuma, N. , Higashi, A. and Annexstad, J. 0. (1982) Ann. of Glac. 
~. pp. 222- 226. (14) Whillans, I. M. and Cassidy, W. A. (1983) Science 
222, pp . 55- 57. (15) Cassidy, W. A. (1983) in Antarctic Earth Science , 
eds. Oliver, R. L., James, P.R . and Jago, J. B., pp. 623-625. (16) 
Cassidy, W. A. and Rancitel1i, L. A. (1982) Am. Scientist. 70, pp. 156-1 64. 



ANTARCTIC IRON METEORITES: AN UNEXPECTEDLY HIGH PROPORTION OF 
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The inhabited and explored areas of Earth have contributed 72S iron 
meteorites to our collections, accounting for 28% of the 2611 authenticated 
meteorit€s known of all types. This percentage is known to be weighted in 
favor of iron meteorites over other types if frequency of fall is 
considered. Their greater resistance to weathering and the higher proba-
bility of recognition of irons after long residence times on the ground is 
responsible. Observed fall statistics give a much different view of relative 
abundance. The 42 historic iron meteorite falls spanning 230 years suggests 
a frequency of one fall per S.6 years and represents only 4.9% of the total 
8S3 known falls. For statistical purposes, 42 is a small number when 
compared either to the total number of falls or to the 14 recognized iron 
meteorite classification groups. Estimates, therefore, of either the 
relative abundance of iron meteorite falls or of the relative frequencies of 
falls of various iron meteorite types must be considered as unsatisfactory 
approximations. The numbers used herein for non-Antarctic meteorites were 
taken from the recent summary of such data in the "Catalogue of Meteorites" 
by A.L. Graham, A.1-1.R. Bevan and R. Hutchison (198S). 

Antarctic iron meteorite recoveries offer promise of providing a new 
perspective on these aspects of the influx problem. Neither ease of 
recognition nor resistance to weathering seem to have the same importance 
for Antarctic recoveries as they do for other environments that have produced 
meteorites. Small meteorites are recognized on the ice almost as readily as 
large ones. The weathering of Antarctic irons seems to be restricted mainly 
to exterior surfaces and to penetration along major grain boundaries. 
Although these meteorites may have had long terrestrial residence times 
compared to non-Antarctic irons, no really severely internally weathered 
irons have yet been recovered. The pairing problem is, of course, severe in 
Antarctica, but it may prove to be less severe for irons than for stones. 

At least 42 iron meteorite specimens have been found during the last 2S 
years by various field teams working in Antarctica. Most of these specimens 
have not been described in detail, but the available data indicates that 21 
separate falls are represented, SO% of the number of recovered specimens. 
Twelve of these falls have been both structurally classified and placed into 
chemical groups. On the basis of incomplete data, 8 of them appear to be 
anomalous, not to fit into one of the defined chemical classification groups. 
This leads to an interesting comparison with non-Antarctic recoveries. 
Meteorites of the three most common iron meteorite types (lAB, IIIAB and IVA) 
comprise SO% of finds, 40% of falls, and 33% of Antarctic irons. Anomalous 
meteorites comprise 11% of finds, 12% of falls, and 38% of Antarctic irons. 
This may be an indication that the Antarctic recovery area produces a more 
representative proportion of small and compositionally unusual iron meteor-
ites. The 21 separate iron meteorite falls may also be extrapolated using 
available fall statistics to suggest that a total of 430 meteorite falls have 
occurred in areas that have provided meteorites to the collecting sites. 
This is a crude figure that seems to be consistent with what is known of 
stony and stony iron meteorite recoveries and pairing. 

Twelve of the 21 falls have been both structurally classified and placed 
into chemical groups. They are listed in order of increa sing structura l 
complexity and/or Ni content. The hexahedrites (IIA) are represented by 
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Yamato-75105, Allan Hills A78100, and ALHA81013; coarsest octahedrites (liB) 
Derrick Peak A78001* and Elephant Moraine 83245; coarse octahedrites (IA) by 
Neptune Mountains (1964), ALHA76002*, ALHA77283, Purgatory Peak A77006; 
medium octahedrites (IliA) by Y-790724 and Reckling Peak A80226; and the fine 
octahedrite (IVA) by ALHA78252. 

Anomalous and/or ungrouped meteorites are: the medium octahedrite 
Lazarev (1961); the fine octahedrite ALHA81014; the plessitic octahedrites 
Y-75031* and ALHA80104; the axatites ALHA77255 (12% Ni), EET83230 ( 'V 15% Ni), 
Inland Forts 83500 ( 1\J 20% Ni), and Y-791694 ( "'36% Ni). The meteorite 
Y-790517 is severely reheated. 

*Indicates paired meteorites: DRPA78001 is paired with DRPA78002 through 
DRPA78016; ALHA76002 is paired with ALHA77250, ALHA77263, ALHA77389 and 
ALHA77290; Y-75105 is tentatively paired with Y-791076. 
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Discovery of Meteorites on a Blue-Ice · Field near the Frontier 
Mountains, North Victoria Land, Antarc.tica 

G. Delisle, H.-C. Hofle, R. Thierbach, Federal Institute for Geo-
scie~ces and Natural Resources, 3000 Hannover, FRG 
L. Schultz, Max Planck Institute for Chemistry, 6500 Mainz, FRG 

Members of the West German GANOVEX IV expedition 1984/85 (German 
Antarctic North Victoria Land Expedition) discovered a high 
concentration of meteorites on a blue-ice field northeast of the 
Frontier Mountains. As a result of a systematic search, a total 
of 42 meteorites were discovered. 

The Frontier Mountains pierce the polar ice sheet over a length 
of approximately 8 km with a NW-SE trend. Glacial flow from the 
polar regions approaches from the southwest, flowing around the 
mountain range at both ends. A blue-ice field has formed on the 
lee side of the range, characterized by high rates of sublimation 
and abrasion due to frequent strong catabatic and foehn winds, as 
well as compressive ice flow, as evident from the occurrence of 
numerous dust bands. 

Due to the barrier function of the range, the ice surface to the 
southwest is higher than in the northwest by an estimated 200 m. 
Large areas of crevasses caused by the stepwise descent of the 
ice sheet occur at both ends of the Frontier Mountains. 

A valley in the northeast part of the Frontier Mts. splits the 
range in two parts. The greatest depression in the blue-ice 
field occurs in this valley. The blue ice enters the valley from 
the northeast (exactly the opposite of the regional flow 
direction). The locally high degree of sublimation and abrasion 
is due to locally severe catabatic and foehn winds. The highest 
concentration of meteorites (41 of 42 were within an area of 300 
by 1500 m) were also found in this area. 

The 1 argest meteorite, about 14 em 1 ong, was discovered about 
3 km ENE of the entrance to the valley. The blue ice there is 
very sparcely covered by wind-blown rock fragments of local 
origin. 
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The main discovery site, which was within the valley, is covered 
by an almost unbroken veneer of rock fragments. Trending from SW 
to NE, the size of the rock fragments increases steadi 1 y from 
pebble size to boulders with diameters in excess of 3m. The 
latter are on top of an ice ridge at the NE entrance to the val-
ley, surrounded by a rock veneer several em thick. 

The thickness of the blue ice was measured along a profile along 
the long axis of the valley using the radio echo sounding method. 
A complicated reflection pattern was observed at a depth of about 
150m at each measuring site. An obvious connection of the 
reflectors with steeply dipping dust bands, trending almost 
perpendicularly to the long axis of the valley, was not detected. 
The lateral separation of these dust bands, slightly parabolic, 
ranged from a few dm to about 30 m. 

The c r.e vas s e pattern outs i de the v a 11 e y i s obvious 1 y con t r o 11 e d 
by the flow pattern of the ice masses around the Frontier Mts. 
Meter-wide crevasses run parallel to the trend of the Frontier 
Mts. in zones in which the elevation rapidly decreases. Past the 
range to the NE, the crevasse orientation swings gradually from 
NW-SE to SW-NE, whi 1 e crevasse widths decrease to a few em. 
Noteworthy are the surprisingly deep depressions in the blue ice, 
reflecting changes in elevation by more than 100 m (estimated}. 

The total weight of the recovered meteorites is 1.2 kg, however, 
only 7 specimens have masses larger than 10 g. The specimens 
from the main discovery site are moderately weathered; cuts 
through the specimens show brown limonitic staining throughout, 
but most of the metal has been preserved. Preliminary mineralog-
ical investigations of the larger specimens show that these 
meteorites belong to different petrological and chemical types of 
H- and L-group chondrites. 
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MYSTERIOUS IODINE-OVERABUNDANCE IN ANTARCTIC METEORITES. 
G. Dreibus, H. Wanke and L. Schultz, Max-Planck-Institut fUr Chemie, 65 Mainz, 
F.R. Germany. 

Halogen as well as other trace element concentrations in meteorite finds 
can be influenced by alteration processes on the Earth•s surface. The dis-
covery of Antarctic meteorites offers the opportunity to study meteorites 
which·have been kept in one of the most sterile environment of the Earth. How-
ever, many of the Antarctic stony meteorites are badly weathered and can be 
classified with respect to their degree of weathering and fracturing. Of 
meteorites found in Antarctica we have analysed 9 eucrites, 1 howardite, 1 
diogenites, 2 shergottites, 1 carbonaceous chondrite (C2) and 1 H-chondrite 
(H3). These meteorites were collected in the following areas: Allan Hills 
(ALH), Elephant Moraine (EET), Pecora Escarpment (PCA), Thiel Mountains (TIL) 
and the Yamato Mountains (Y). 

Table 1 gives the data of our halogen determination in Antarctic meteor-
ites compared with non-Antarctic samples. The important result of this study 
is the iodine-overabundance in most of the Antarctic meteorites compared to 
the respective values in non-Antarctic meteorites. We find no correlation bet-
ween iodine concentration and weathering index, or terrestrial age. However, 
it might by possible that the overabundance of I is restricted to small met-
eorites only because stones with masses larger than 1 kg show no excess. The 
polymict eucrites from Elephant Moraine have the hiqhest iodine excess (11-15 
ppm), whereas the Shergottite EET 79001 found in the same area has only in one 
of its two lithologies an !-overabundance. Also mysterious are the different 
!-concentrations (6 and 0.23 ppm) in the two eucrites ALH 78132 and ALH 79017 
which belong to the same meteorite shower but were collected 1978 and 1979. 

Even in eucrites PCA 82503 and TIL 82403 collected about 450 km from the 
South Pole an !-overabundance is found. Among Cl, Br and I the observed rela-
tiv~ excess is largest in the case of iodine but also noticeable for Cl in 
some cases. 

Bromine however, seems not enriched in all meteorites studied. Thus the 
Cl/Br ratios and the 1/Br ratios can be used to estimate the overabundance of 
Cl and I, respectively (Table 2). Relative to C 1-chondrites the 1/Br ratio is 
up to a factor of 1600 higher, the Cl/Br ratio up to a factor of 9. 

Beside the I and Cl-enrichment in the Elephant Moraine eucrites (Table 1), 
we find for these meteorites a drastical depletion of carbon compared to non-
Antarctic eucrites whereas the sulfur content is untouched. If the high C-con-
tent in the non-Antarctic eucrites is indigeneous and not changed due to ter-
restrial contamination the observed carbon depletion in the Antarctic eucrites 
may be related to the weathering process in a cold environment (1). 

Chemica 1 alteration effects on Antarctic meteorites due to weatheri nq 
have been observed previously for various other trace elements (2). Our halo-
gen measurements on Antarctic meteorites indicate a contaminating phase rich 
in iodine and partly containing also chlorine. The ice beneath meteorites col-
lected in the Elephant Moranie locality is very low in halogenes (Cl=0.31 ppm, 
Br=0.015 ppm,I= <0.2 ppb). However, iodate-rich nitrate deposits have been 
found in Victoria Land Mountains (3). 

An other source for !-contamination could be expected from aerosols. Sev-
eral investigators (5, 6) have observed that the 1/Cl ratio in marine aerosols 
as well as in marine atmospheric particulates ranqes from 100 to 1000 times 
the value of seawater (Table 2), whereas the Cl/Br ratio is much closer to the 
seawater value. A further enrichment of I relative to Cl was observed in Ant-
arctic atmospheric part i cu 1 ates as to be expected on the basis of their size 
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Table 1: F Cl Br I c s W* terr. 
-ppm- I Aqes 4) Weight 

(l.o5yr) (kg) 

Eucrites 
ALH 78132 49 51 0.038 6.3 A 1.2 0.656 
ALH 79017 39 7 0.063 0.23 A 1.2 0.310 
EET 79004 60 49 0.119 11.2 2 2610 B 2.5 0.39 
EET 79005 51 105 0.043 15.5 9 1140 A 1.8 0.45 
EET 79006 178 463 0.185 11.0 B 1.9 0. 72 
EET 79011 153 151 . 0.081 15.2 39 5173 B 0.086 
PCA 82502 40 36 0.018 1.1 3.1 0.89 
TIL 82403 69 31 0.029 1.1 <0.3 0.050 
y 74450 153 0.047 1.176 <0.5 0. 24 
Sioux Country 21 12 0.11 0.030 783 1023 4.1 
Stannern 25 298 0.70 0.20 687 2789 52 
Cachari 93 0.96 0.48 23.5 
Pasamonte 52 26 0.149 0. 056 3.5 
Bereba 53 16 0.102 0.134 1.8 
Jonzac 12 6 0.093 0.010 2.5 
Howardites 
y 7308 6 7.55 0.074 6.6 0.48 
Molteno 11 125 0.24 0.28 0.14 
Kapoeta 147 0.17 0.30 11 
Frankfurt T 16 0.10 0.05 0.65 
Di ogen ites 
y 74013 1.5 2.6 0.017 0.010 2.0 
Johnstown 2.0 5.5 0.051 0.020 40 
Shergottites 
ALH 77005 22 14 0.085 1.72 A 1.9 0.48 
EET 79001-A 39 26 0.189 0.10 A 0.79 
EET 79001-B 31 48 0.289 0.96 A 
Shergotty 41 108 0.891 0.036 5 
Carbonaceous, 2 
y 74662 42 340 2.67 4.5 0.15 
Murchison 38 180 0.61 0.19 100 
H-Chondrite 
ALH 78084 (H3) 8 140 0.39 0.129 8/C <.1. 4 14.3 
Mt. Baldr {H5-H6) 0.171 17.8 
(Heumann, pers. 
communication) 
Kesen (H4) 8 90 0.36 0.06 135 

*W.I. Weathering Index: A is unweathered, c is highly weathered. 
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Table 2: 1/Cl 1/Cl 1/8r l/8r Cl/8r Cl/8r 
TTlCllCl \T7Br)Cl TCTlBr)Cl 

Eucrites 
ALH 78132 0. 13 160 160 730 1330 5 
ALH 79017 0.033 40 3.7 20 110 0.4 
EET 79004 0.23 280 94 430 410 1.5 
EET 79005 0.15 180 360 1640 2450 9 
EET 79006 0.024 30 60 270 2520 9 
EET 79011 0.10 120 188 850 1R80 7 
PCA 82502 0.031 40 61 280 2000 7 
TIL 82403 0. 036 40 3R 170 1070 4 
non-Antarctic 3. 9x1o- 3 5 0. 50 2 lAO 0.7 
Howardites 
y 7308 0.91 1100 89 400 100 0.4 
non-Antarctic 2.4x10- 3 3 1.0 5 500 2 
Shergottites 
ALH 77005 0. 12 150 20 90 165 0.6 
EET 79001-A 0.0040 5 0. 53 2 140 0. 5 
EET 79001-8 0. 020 20 3.3 15 170 0.6 
non-Antarctic 3.3x10·" 4 0.040 0.2 120 0.4 
H-chondr1tes 
ALH 78084 9. 1x1o- " 1 0.33 2 360 
non-Antarctic 6.7xio-" 1 0. 17 1 255 
Carbonaceous, 2 
y 74-662 1. 3x10· 2 20 1.69 8 130 0.5 
non-Antarctic 1.1x1o· 1 1 0. 31 295 1 
c 1 8.3x1o·" 0.22 270 
Seawater 2. 1ix1o·6 3x10- 3 8x1o-" 4x1o· 3 300 
mar ine aerosol3) 10-"-1o- 3 1 0.5 2 300 1 
marine atmosphjric 
particulates 4 

5.6x10· " 0. 29 520 2 

Antarc. atmos . part ic.4) 
1. 3xl0" ; a) McMurdo 15 1.0 5 73 0.27 

b) South Pole 4.9x10· 59 1.0 5 23 0. 09 

Ice (Elephant Mora ine) 6xlO·" 0.013 0.06 20 0. 1 

distribution. Contrary to Cl the major portion of I is found in particles with 
radii from 0.3 )Jm to 0.6 )Jm and these small particles have a significantly 
longer atmospheric residence time than larger particles. Thus, the iodine in 
the aerosol should not show larger variation with its distance from their 
source area ( 6). 

So far we have not reached a definite conclusion about the I and Cl en-
richment processes in achondrites during their storage in Antarctica. A HzO-
leach experiment of the eucrite EET 79006 has shown that from 463 ppm Cl a 1-
most all {428 ppm) is leachable, however, only 3.8 ppm of the 11 ppm total I; 
Br is not leachable. Our studies have shown that most of the meteorites from 
Antarctica suffered severe terrestrial contamination for iodine and to a les-
ser degree also for chlorine. This contamination is independent of the terres-
trial age, the degree of weathering and the locality where the meteorites were 
collected. 

Ref.: (1) Gibson E.K. and Yanai K. (1979} LPS-X, Lunar Planet. Inst., Houston, 
428. (2} Biswas S., Ngo H.T. and Lipschutz M.E. (1980) Z. Naturforsch. 35a, 
191.(3} Johannessen J.K. and Gibson G.W. (1962} Nature 194, 567. (4) SchUTfz 
L. (1985) This volume. (5} Duce R.A., Zoller W.H., and f1oyers J.L. (1973} J. 
Geophys. Res. 78, 7803. {6} Duce R.A., Winchester J.W., van Nahl T.W. (1965}, 
J. Geophys. Re"S":" 70, 1775. 
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WEATHERING OF STONY METEORITES IN ANTARCTICA. J. L. Gooding, SN2/ 
Planetary Materials Branch, NASA/Johnson Space Center, Houston, TX 77058 USA. 

Introduction. Weathering produces undesirable physical, chemical, and 
isotopic changes that might disturb the records of cosmochemical evolution 
that are sought in meteorites. As partial compensation, though, weathering of 
meteorites in an icy "regolith" offers, by analogy, insight into processes of 
rock alteration that have probably operated on icy planetary bodies such as 
comets, asteroids, satellites of the Jovian planets, and planet Mars. For 
Antarctic geoscience, weathering effects in meteorites might be "marker 
horizons" that contain information about histories of Antarctic ice sheets. 
weathering Processes~ Products. Meteorites are physically disintegrated by 
crack-propagation phenomena, including ice riving and secondary-mineral 
riving, and are probably abraded by wind that is laden with ice crystals (on 
open ice sheets) or dust particles (if downwind from moraines). Chemical 
weathering proceeds by oxidation, hydration, carbonation, and solution and 
produces a variety of secondary minerals and mineraloids. Weathering proceeds 
at rates that are slower than in temperate climates, perhaps by a factor of 
103-104, but produces effects that may be distinctively different from those 
in non-Antarctic finds, including features that may develop even when a 
meteorite is completely submerged in ice. Thermodynamic properties of 
capillary pores permit existence of layers of quasi-liquid, "unfrozen" water 
on geologic substrates at temperatures far below the nominal freezing point of 
bulk water [1]. It can be estimated (method of [2]) that for particle sizes 
and porosities that apply to stony meteorites, thermodynamically "liquid" 
water (>15 molecular layers) should be expected at temperatures as low as 
263-264 K (Fig. 1) although at deep-ice temperatures (250 K) unfrozen water 
thicknesses should be <5 molecular layers. Unfrozen water would form brines on 
hygroscopic phases (e.g., lawrencite) and, thereby, extend its own stability 
to even lower temperatures. Therefore, rust mantles on metal particles, which 
apparently form in liquid water [3], might develop while meteorites are 
ostensibly "frozen. n Evidence for weathering at < 273 K occurs in ALH82102 
(H5) which was found emerging from glacial ice but significantly rusted 
already, even on its most deeply submerged side [4]. On the ice sheet surface, 
weathering probably depends on melted snow or ice as the principal source of 
water and on the atmosphere as the source of 02 and C02. Within the ice, 
though, volatiles required for weathering might be derived from gas bubbles or 
clathrate ices that form at depths of 900-1300 m [5]. Trapped gas possesses 
atmospheric values of elemental and isotopic abundances, except for possible 
C02 enrichments and slightly positive values of o 15N [6]. However, air 
clathrate should be significantly enriched in 02 relative to air [7) and, by 
analogy with methane hydrate [8], H20 in air clathrate should possess a higher 
18o;16o ratio than that in free water, with values probably in the range 
between ice (o18o = - 35-43 Ofoo) and air (o18o = + 23-24 Ofoo). Therefore, 
oxygen isotopic compositions of weathering products will depend upon relative 
contributions of oxygen from glacial ice, air clathrate, and air, as well as 
identities of the reactive species .(i.e., 02, H20, C02). "Metallic rust" is 
composed of oxidized Fe, Ni, and various amounts of S, Cl, and water whereas 
"sialic rust" is an Fe-rich, hydrous material that includes major to minor 
concentrations of Si, Al, and other lithophiles [3,4]. Metallic rust commonly 
occurs as veins and as mantles on Ni-Fe metal or troilite although sialic rust 
is typical of achondrites, especially in association with mafic silicates and 
spinels. Sulfates and carbonates occur both independently and along with other 
weathering products [3,9] and aluminosilicates, which may include clay 
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minerals and zeolites, are abundant as decomposition products of glass in 
basaltic achondrites [4,10]. Rust can act as a pore-filling cement in a manner 
analogous to diagenetic cements in terrestrial sandstones. However, at tips of 
micro-cracks, specific-volume increases that accompany deposition of secondary 
mineral(oid)s cause widening of fractures and rock disintegration as exempli-
fied by polygonal fracture patterns and pluck pits in fusion crust. Also, 
migration of water-soluble salts to free surfaces, with subsequent removal by 
wind -abrasion, comprises a subtle but significant process of mass loss. 
Cosmochemical Interferences. Elemental fractionations clearly occur during 
weathering because compositions of some weathering products are very different 
from those of their progenitors. Fractionation of K from Na and of K from Ca 
are typical of aluminosilicate weathering products (Fig. 2), suggesting that 
Rb/Sr fractionations might also be important. Fractionated REE patterns, and 
especially "Ce anomalies" [11], might reflect variable Eh-pH conditions during 
weathering. In addition, meteorites can acquire trace-element contamination 
from atmospheric aerosols as demonstrated by contents of anthropogenic 137Cs 
[ 12]. Although untreated aliquots that are isochemically weathered at the 
scale of sampling may appear undisturbed in bulk analyses (e.g., INAA), 
disturbances may become apparent in analyses that depend upon mineralogical, 
ion-exchange, or leachate separations (e.g., RNAA, radiochronometry) because 
phase locations and solubilities of analyte species are subject to change by 
weathering. Isotopic fractionations wrought by weathering are more poorly 
understood. For example, either increases or decreases in D/H and 18o;16o of 
meteorites could result, depending on whether volatiles were derived from ice 
or occluded gases and clathrates. Because some gas-absorbent weathering 
products do not thermally decompose until > 1100 K, their volatile releases 
might trangress into temperature intervals that are assigned to "indigenous 
meteoritic" components in many analyses of cosmogenic volatiles. In fact, 
extraneous Ar trapped in weathering products has been blamed for an 
anomalously old 39Ar-40Ar age (4.6-4.9 Gy) obtained for ALHA76001 (L6) [13]. 
"Weatherometers." A definitive correlation between degree of weathering and 
terrestrial residence age has not yet been found but may simply reflect 
absence of a quantitative scale for weathering. Differential susceptibilities 
of meteoritic minerals to chemical weathering prevents application of a single 
weathering index to all types of meteorites. Ignoring other factors (e.g., 
primary and fracture porosities), susceptibility of a given phase to altera-
tion in cold water should increase with thermodynamic favorability for 
decomposition (calculated) and with crystallographically controlled inability 
to immobilize and freeze liquid water, as indicated by the threshold tempera-
ture for heterogeneous nucleation of ice (measured). Even though no simple 
relationship between those two variables exists, possibly as a consequence of 
inadequate data for ice-nucleation (Fig. 3, compiled from [4,14]), it is clear 
that glasses should be more susceptible to weathering than are their crystal-
line equivalents. Possible "weatherometers" that should be investigated 
include thicknesses of rust haloes on metal particles (ordinary chondrites) 
and thicknesses of hydration rinds on glasses (unequilibrated chondrites and 
basaltic achondrites), both of which are expected to grow at log-linear rates. 
Martian ~ Cometary Analogs. Antarctic alteration of meteorites has occurred 
on timescales that are unachievable in laboratory experiments but which 
approach those that are meaningful for planetary evolution. Accordingly, 
weathering of basaltic achondrites, especially shergottites, might be an 
excellent analog for weathering on Mars [15]. Furthermore, although 
pre-terrestrial alteration effects in carbonaceous chondrites are usually 
interpreted in terms of "hydrothermal" processes on an asteroid (or comet?), 
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remarkably similar features have evolved terrestrially in some Antarctic 
meteorites by phenomena that are clearly "hydrocryogenic" [16]. Therefore, 
terrestrially formed oxide, clay and salt minerals in Antarctic meteorites 
should be studied for possible petrogenetic insights into alteration processes 
on meteorite parent bodies. CALCULATED THICKNESS OF "UNFR~ZEN" WATER 
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THE NATURAL THERMOLUMINESCENCE OF ANTARCTIC METEORITES: 
SOME COMPARISONS WITH NON-ANTARCTIC METEORITES; Fouad A. Hasan and 
Derek W.G. Sears. Chemistry Department, University of Arkansas, 
Fayetteville, AR, 72701. 

Several studies have shown that the level of natural 
thermoluminescence (TL) in meteorites can be related to their 
terrestrial age (1,2,3) and other events which affect their 
thermal and radiation history (4,5,6). A new method of terrestrial 
age determination is especially desirable for the Antarctic 
meteorites, but the complexity of the TL mechanism and uncertainty 
about terrestrial storage temperatures has made this difficult 
(7,8). However, there are significant differences in the natural 
TL of Antarctic and non-Antarctic meteorites which may provide 
insights into their history. 

The figure shows histograms of the natural TL levels -
normalized to the relatively stable high temperature TL to remove 
effects of TL sensitivity differences caused by metamorphism, 
shock (9,10) and weathering- for observed falls(4), Prairie State 
finds of known C-14 content (1,11) and Antarctic meteorites. The 
falls have natural TL values which spread over >2 orders of 
magnitude (0.05-25), the majority falling in the relatively small 
range of 1.6-6.3. The Prairie State and the Antarctic finds have 
very similar distributions, skewed to lower values than the falls 
(predominently 0.16-4.0). 

It has been argued that the spread between 1.6 and 6.3 
displayed by the falls reflects differences in shielding effects 
and terrestrial age, but the 'tail-off' to very low values is too 
large to be explained this way and may reflect a heating event 
within the last 10**6 years,such as close solar passage (4,5). 
Much of the spread observed in the TL values for the finds must be 
caused by similar factors. The skewing to lower values is most 
plausibly interpreted in terms of longer mean terrestrial ages for 
the finds and the similarity in the distributions for the 
AITORYTNY OID Prairie state finds is attributable to the lower 
terrestrial ages and higher mean storage temperatures for the 
latter. 

1) Sears and Durrani (1980) EPSL 46, 159. 2) Melcher (1981) GCA 
45, 615. 3) McKeever (1982) EPSL 58, 419. 4) McKeever and Sears 
(1980) Mod. Geol. 7, 137. 5) Melcher (1981) EPSL 52, 39. 6) Sears 
(1975) EPSL 26, 97. 7) McKeever and Townsend (1982) GCA 46, 1997. 
8) Sears (1981) Nature 293, 433~ 9) Sears et al. (1980) Nature 
287, 791. 10) Sears (1980) Icarus 44, 190. 11) Boeckl (1972) 
Nature 236, 25. 
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COMMENTS ON TRACE ELEMENT DATA FOR ANTARCTIC METEORITES*; 
S. Jovanovic and G. W. Reed, Jr., Argonne National Laboratory, Argonne, Illinois 
60439 

Trace elements in 'fresh' Antarctic meteorites may be affected by submicro-
scopi~ weathering. This possibility must be examined critically since many trace ele-
ments are basic for considerations of meteorite genesis and evolution. 

Since no measurements have been made to determine whether trace elements in 
'fresh' Antarctic meteorites represent the pristine contents, it is necessary to use data 
on meteorite falls to predict possible alteration in trace element concentrations. Cru-
cial considerations are (a) the permeability of the meteorite, (b) the accessibility of 
the ice (H20) to trace elements in the meteorite, (c) the acidity of the penetrating ice 
(H20), (d) the H20 and weak acid soluble fractions of trace elements in meteorites, 
and (e) the complement of these trace elements in the ice itself. We summarized 
much of our data on the H2o and weak acid leachable fractions of anionic and cationic 
trace elements in ordinary chondrite falls and in lunar samples (1). Neither type of 
extraterrestrial material had been exposed to aqueous environments since becoming 
the entities sampled, hence the soluble trace element fractions are indigenous. All 
classes of ordinary chondrites (H, L, LL) and metamorphic grades 3-6 were measured. 
Trace elements for which we report leachable fractions are Cl, Br, Zn, Ba, Tl, 204Pb, 
and Bi. Up to 80% of some of these elements are H20 or weak acid leachable. In 
general, significant fractions of all these and probably a number of other trace ele-
ments are soluble. We will examine published data for the above trace elements in 
Antarctic meteorites in the light of the data on chondrite falls and the conditions of 
exposure noted above. 

(1) Jovanovic S. and Reed, Jr. G. W. (1984) Lunar Planet Sci. XVI, 416-417. 
*Based on work supported by NASA. 
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RADIOCARBON DATUmS OF YAMATO 1'1FTEORITES : K. Kigoshi and 
E.Matsuda , Department of chemistry, · Gakushuin University, 
Mejiro,Toshima-ku, Tokyo 

The terrestrial ages of five Yamato Meteorites have been 
measured by their contents of cosmic-ray-produced carbon-14. 
Among them three Yamato 1'1eteorites Y-74013, Y-74097, and Y-74136 
\'lhich are all diogeni tes, were found at sites apart from one to 
two kilometers each other on the bare ice sheet. They are 
considered (l) to be a single meteorite from their apparent 
shapes and unique texture. 

This paper presents an evidence for these three meteorites 
being a single meteorite. And also presents a method adopted 
in our experimental procedure which includes a check for modern 
carbon contamination in the meteorites. 

The meteorite sample \'7as pulverized in an airtite alumina 
crusher for 10 hours. The powdered sample in a platinum boat 
was put into a quartz tube and \'las evacuated for a fe,,.. hours 
at 100°C. The sample was then heated at 600°C for 5 hours under 
vacuum(l0-5-l0-6Torr)to remove terrestrial contaminants. The 
gases evolved were passed through a liquid nitrogen trap, where 
co2 and other condensable. gases were·~recovered. Noncondensable 
gases mainly CH4 and co, were then passed through the CuO 
furnace heated at 450°C-550°C, where CO was converted to co2 , 
and were recovered in a molecular sieve 4A cooled in liguid 
nitrogen. The co2 condensed in a liquid nitrogen trap was 
purified from so2 and H2o by distillation at ~150°C and passing 
molecular sieve 3A cooled in dryice-methanol. The CH4 retained 
in molecular sieve 4A was circulated through the CuO furnace 
at 800°C for 40 minutes to oxidize to co2 and added to the 
previously recovered co2 , 

The sample in the quartz tube was then heated at 1200°C for 
5 hours under vacuum. Evolved co2 gas was recovered with the 
same procedure as in the case of 600°C. The residual sample was 
heated again at 1200°C for 3 hours in oxygen atmosphere. The 
co2 evolved in this step was collected as 1200°C fraction 
togather with the previous one. The amounts of carbon 
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recovered at 600°C and 1200°C were measured volumetrically as 
co2 gases. 

The co2 gases of both fractions were converted to acetylene 
through lithium carbide which was prepared by the reaction 
between metalic lithium and co2 . The reaction of lithium 
carbide with tritium free water gave acetylene. The acetylene 
was purified by the adsorption in the molecular sieve 4A at 
0°C and the desorption at 100°C. The molecular sieve 4A used 
here was prepared from radium free sodium aluminate and sodium 
silicate, and it gave no measurable amount of radon in the 
desorpted gases. The carbon-14 in the acetylene was counted 
in a proportional counter of 53.0 cm3 which has a background 
of 0.373 ~ 0.016 cpm. 

As shown in Table 1, all 600°C fractions of recovered 
carbon have specific radiocarbon concentrations of nearly the 
same level to that of atmospheric carbon dioxide. This 
indicates that the 600°C fractions are mainly composed of the 
carbon of recent contamination on the earth. The terrestrial 
ages listed in Table 1 are calculated from the C-14 activities 
in the 1200°C fractions and that of of modern standard which 
is a mean value of measured C-14 activities of Allende and 
Bruderheim. 

The terrestrial ages of Y-75102,Y-74459, and Y74013 are 
consistent with the measured values by Fireman( 2 ). The 
agreement of the terrestrial ages of Y-74013,Y-74097, and 
Y-74136 supports the view that these are a single meteorite. 

References 
(1) Takeda,H.,Mori,H., and Yanai,K. (1981) Mem. Natl Inst. 

Polar Res., Spec. Issue, 20, p.81-99. 
(2) Fireman,E.L. (1983) Mem. Natl Inst. Polar Res., Spec. 

Issue, 30, p.246-250. 
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Meteorite 
(Wgt) 

Y-75102 
(21. 53 g) 

Y-74459 
(13.17 g) 

Y-74013 
(16.9 g) 

Y-74097 
(15.8 g) 

Y-74136 
(14.9 g) 

Allende 

RADIOCAP~ON DATINGS 

Kigoshi,K. et.al. 

Table 1. Terrestrial ages and vacuum extraction 
of carbon and C-14. 

Type Temp. Reco- 14c 14c Terrest-
( oc) vered (dpm/kg) Specific rial age carbon activity 3 (mg) (dpm/g C) ( 10 yr) 

L6 600 2.40 3.7 + 1.5 19 + 8 - -
1000 0.82 20.2 + 1.7 305 + 25 - - 2.0 0.6 1200* 18.2 + 1.8 + --

H6 600 6.70 3.9 + 1.8 8 + 2 - -
1000 0.68 .:::::: 1.4 
1200* 3.6 1.4 19 + 2 + --

DIO 600 1. 31 1.9 + 0.8 24 + 11 - -
1200 0.54 7.1 + 1.0 222 + 31 16 + 1 - - -

DIO 600 1.41 3.3 + 1.1 37 + 12 - -
1200 0.67 5.3 + 1.1 120 + 30 19 + 2 - - -

DIO 600 1. 44 2.1 + 1.1 22 + 12 - -
1200 0.81 6.7 + 1.5 123 + 28 17 + 1 - - -

C3 600 13.5 14.0 + 1.5 20 + 3 - -
1200 35.4 49.1 + 1.8 25 + 1 Modern - -

Bruderheim L6 1200 52.9 + 2.3 Modern -

* In this case ,sample was recrushed and small amount of 
graphite was added. 
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ON GRAIN SIZE FRACTIONS OF ALHA LUNAR METEORITE 81005 

U. KrahenbUhl, Anorganisch chemisches In?titut and 0. Eugster and S. Nieder-

oann, Physikalisches Institut, University of Bern, Switzerland. 

Since the first measurements of noble gases on ALHA meteorite 81005 it 

has been known that this breccia contains large amounts of solar wind gas. 

For a better separation of surface and volume related gases we made our in-

vestigations of noble gas isotope distribution and element concentrations on 

different grain size fractions. 

Sample preparation. A 0.279 9 sample (A81995,51) was obtained for ana-

lyses of the noble gas isotopes and for the determination of elemental abun-

dances. After crushing the sample using a stainless steel mortar 0.022 g ma-

terial was used for bulk analyses. The remaining mass was separated by sie-

ving in acetone into the following grain size fractions: <15~, 15-35~, 35-

74~, 74-149~m, and >149~. 

Chemistry. About 20% of each size fraction was irradiated in suprasil 
14 -2 -1 quarz vials for 4 days at 10 n em s • The results of the instrumental mea-

surements of the gamma radiation are given in table 1. 

Table 1. Major and trace elements in grain size fractions of ALHA 81005 

Errors 10 are ± 5% for Na, Sc, Fe and Co; ± 5-10% for Ca, La, Eu and 

Fraction 

<15~ 

15-35 ~ 

35-74 ~ 

74-149.~m 

>149~ 

Hf; ± 10-15% for Sr and Ba. 

sample Na % Ca % Fe % 
weight 
mg 

0.91 0.30 10.5 4.80 

1.21 0.27 11.8 4.55 

2.48 0.28 12.4 4.60 

5.22 0.22 11.6 3.25 

50.14 0.22 10.5 3.60 

Co 
ppm 

25 

19 

17 

19 

17 

Sc Sr Ba La Eu Hf 
ppm ppm ppm ppm ppm ppm 

9.3 56 2. 1 0.50 0.58 

9.5 35 2.2 0.53 0.54 

10.3 180 24 1.6 0.61 1. 03 

8.5 173 26 1.7 0.63 0.61 

8.8 138 18 2.2 0.61 0.59 

Tney were calculated relative to the concentrations in the reference sample 

IAEA soil-S and USGS standard BHV0-1. Our data agree well with those repor-

ted by Laul et al. [1] and by Palme et al. [2]. The anorthositic composition 

cf this antarctic meteorite is indicated by the high Ca value, the rather 

low Fe concentration and the typical values for La and Eu compared with the 

c~es found in chondrites. All the five fractions show essentialy the same 

Fattern. We have therefore not produced a major mineral fractionation by the 

g~ain size separation. Contamination by the physical separation was tested 
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by subjecting suprasil quarz powder to the same grinding and sieving proce-

jure as the meteorite sample. No detectable blank for the reported elements 

=oulc be observed. An evident enrichment was observed for Cr (probably due 

~o the stainless steel mortar) and for Br (probably due to the acetone). 

Production rates for cosmogenic noble gas nuclei. Bogard and Johnson [3] 

~eport a galactic cosmic ray exposure age for ALHA 81005 in the range of 200-

1000 my. Because this meteorite spent less than 1 my in space as a small bo-

jy [4] it must have resided in the lunar regolith during most of its cosmic 

~ay exposure time. The shielding depth within the lunar regolith was deter-

. d f th t' f . 131 ; 126 4 + 1 h' h d ~ne rom e ra 10 o cosmogen1c Xe Xe = - , w 1c correspon s 

to an average shielding depth of <50 g/cm2 . Production rates for cosmogenic 

noble gases were calculated from the data given by Regnier et al. [5] and 

3ohenberg et al. [6] for 2TI irradiation at a shielding depth of 40 g/cm2 

~sing the target element abundances given in Table 1. For Mg, Al, Si, K and 

Ti values reported by Palme et al. [2] were used. Zirconium concentrations 

were calculated from Hf values using a cosmic ratio Zr/Hf of 31.8. The re-

sulting production rates are given in Table 2. 

Table 2. Concentrations of cosmogenic noble gases, production rates and ex-

posure age of ALHA 81005 (preliminary data). 

Concentration 
-8 3 ( 1 0 em STP I g) 

av. for bulk and 

;rain size fractions 

?reduction rate 
-8 ( 10 em 3 STP/g, my) 

~posure age 

:106 y) 

18 

1. 24 

15 

38Ar 

36 66 

0. 118 0.113 

305 584 

-2 1.5x10 

2.8x10 -5 

536 

-3 1.55x10 

2.8x10 -6 

554 

Lunar surface residence time. From the amounts of cosmic ray produced 

~oble gases and respective production rates, the lun~r surface residence 

-:ices were alculated (Table 2). Figure 1 demonstrates that a "plateau" at 
38 83 126 about 560my is observed for the ages obtained from Ar, Kr and Xe. 
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COSMIC RAY EXPOSURE AGE 

500 

Figure 1 t 
ALHA 81005 

100 

21 3 The Ne exposure age and, in particular, the He exposure age are erroneous-

ly low due to diffusion loss of these noble gases, as typically observed for 

lunar rocks and soils. The fact that a plateau is observed for three heavier 

noble gases indicates a lunar surface residence time of about half a billion 

years. 
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THER1·10ANALYTICAL CHARACTERIZATION OF SEVERAL ANTARCTIC 
METEORITES 

B.Lang, Warsaw University, Department of Chemistry, 02-089 War-
saw, A.Grodzinski, Institute of Electronic Materials, 02-075 War-
saw, L.Stoch, Technical University of l·Uning and Metallurgy, 
30-059 Cracow 

Follo'V1ing our first attempts to get thenno~nalytical data for 
a number of meteorites ref. Lang et al;, 1981j we focused our at-
tention on several metebrites from Antarctica: 5 achondrites, 
2 chondrites and 1 iron. Received from the National Institute of 
Polar Research Tokyo th~were: 

achondrites : Yamato-74010, diogenite 
Yamato-74013, diogenite 
Yamato-7308, howardite 
Yamato-74450, polymict eucrite 
ALH-765, polymict eucrite 

chondrites : Yamato-75102, L 3 
Yamato-74662, C 2 

iron : DRP-78007 
\'le realize that our few data [cf. Lang et al., 1983, 1985; 

Zbik et al., 1984] are too preliminary and scarce to offer any 
valuable conclusions. The reported here few observations are ex-
pected to be useful in the future research of Antarctic meteori-
tes including thermoanalytical study. 

The thermochemical response to heating in air is observed dis-
tinct on the differential thermal /DTA/ and thermogravime~ric 
/TG/ curves. However, within the heating range up to 1000 C exo-
thermic peaks from oxidation are often seen on the DTA-curves ac-
companied by a mass increase on the TG-curves. Our experience 
suggests that in meteorites remarkable oxidation events are due 
- in the first approximation at least - possibly to iron. W~stite 
FeO can be obtained from conversion of free iron or decay of ni-
ckel-iron to be further oxidized to magnetite Fe3oA or even hema-
tite Fe 0 • The final possible oxidation of free iron to hemati-
te resu1t~ in mass increase of 1'\14376. The intermediate steps lead-
ing to ultimate oxidation of iron can eventually be seen on the 
DTA-curves as more or less resolved exothermic peaks. 

Assuming an extremely simplified model of oxidation of iron 
to hematite, covering free iron, nickel-iron and iron sulfides, 
"lith TG-data we can estimate the oxidable part of the total iron. 
The ~enn 11 oxidable 11 refers here to temperatures not exceeding 
1000 c. We received : 

Fe total wt% 
mass increase wt% 
Fe oxidized %% 

Y-74013 
13.77 
0.64 
3.1 

ALH-765 
16.42 
1.4 
6.06 

Y-74450 
15.21 
2.6 

11.42 

Y-7308 
13.45 

2.6 
12.92 

Y-75102 
22.24 

2.1 
6.26 

For Derrick Peak-78007 iron the mass increase as low as ~3.55~ 
proves by far incomplete oxidation during heating in air. Simi-
lar result was received by us for the Sikhote Alin' iron (3.885·0, 

The effects of oxidation processes can often be better identi-
fied by comparing the DTA-curves for heating in air with those 
as obtained for heating in oxidation-suppressinfo atmosphere of 
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argon. Unfortunately in the latter case the TG-data were unavai-
lable. Meandering of the DTA-curves is another feature of the 
applied thermoanalytical techniques making difficult the analy-.··_ 
sis of the curves. 

Thermoanalytical method can be helpful in determining the 
degree of weathering of me~orijic material. With this purpose 
it was applied by Gooding U981 • Weathering results in appear-
ance of mineral forms which at least partially volatilize even 
at non-elevated temperature~. In the case of the Antarctic me-
teorites such behavior of meteoritic material is not observed. 
The thermogravimetric losses are small - they do not differ 
from those of non-Antarctic meteorites.However, in the case of 
the Yamato diogenites -74010 and -74013 'ltle analyzed samples 
stored without any special precaution in test tubes for a coup-
le of ye~rs: we obtained the~analytical curves remarkably 
changed Lsee Lang et al., 1983j • This observation seems to ar-
gue that natural conditions in Antarctica 'ltrhere the meteorites 
were found do not favour significantly their weathering. Natu-
rally, such a conclusion needs further examination of Antarctic 
meteorites acco~nting the problem. 

A distinct behaviour during heating in air ~ms identified 
in the case of the Yamato-74662 carbonaceous chondrite C 2. 
Heated in air it lost rather smoothly ""9. 3% of its original 
mass. ':le attributed these thermogravimetric losses to joint 
volatilization of water and carbon compounds. An unique featu-
re of this meteorite is seen on the DTA-curv~ for heating in 
argon. The remarkable exothermic peak at 686 C - similar in 
shape to oxidation peaks - should be referred presumably to 
formation of a new mineral form possibly of remnants of phyllo-
silicates affected by heating while being a major component of 
the original meteorite. 

In Fig.1 and 2 are given the thermoanalytical curves for 
Yamato-74013 diogenite and Yamato-7308 howardite respectively. 
In Fig.3 is demonstrated the effect of storage of powdered dio-
genite Yamato-74010 for two years in a test tube. In Fig .4a 
and 4b are shown the curves for the Yamato-74662 for heating 
in argon and in air respectively. 
References : 
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TRACE ELEMENTS IN ANTARCTIC METEORITES: 
INFORMATION; M. E. Lipschutz, Dept. of Chemistry, 
Lafayette, IN 47 907 USA. 
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WEATHERING AND GENETIC 
Purdue University, W. 

Antarctic meteorite discoveries have created great scientific interest 
due to the large number of specimens recovered (-7000 so far) and because 
they ~nclude representatives of hitherto rare or unknown types. Some can be 
paired, on average 2-6/event [1]: these 1200-3500 separate Antarctic 
meteorites form a population comparable to the 2611 known non-Antarctic 
meteorites [ 2]. Antarctic meteorites are so abundant because they have 
fallen over long periods (~7 x 10 5 years, averaging 3 x 10 5 years in 
Victoria Land) and have been preserved, transported and concentrated by the 
ice sheet [ 3]. 

Differences between the Antarctic and non-Antarctic sample populations 
are evident at various subtlety levels, even at the least subtle (Table 1) 
[4]. Antarctic meteorites are therefore a potentially unique source of 
genetic information provided that weathering during terrestrial residence in 
or on the ice sheet can be accounted for or is negligible. 

Antarctic meteorites (stones, in particular) are classified by 
macroscopic (and fracturing) characteristics into 3 types, A-C, ranging from 
essentially unaltered to very heavily weathered. Meteoritic compositions 
should reflect terrestrial weathering unless it occurs in situ so that 
elements are neither gained nor lost, i.e. the system is closed. Trace 
element contents should be particularly instructive since even a small 
absolute amount of chemical transport should result in large relative 
compositional changes. 

The few studies thus far indicate that Antarctic meteorite weathering 
essentially involves closed systems. Lipschutz [ 5] reviewed data published 
in 19~ and earlier- mainly for uncommonmeteorites of weathering types A 
and B. Provided that interior samples (>0.5 em below the meteorite's 
surface) are used, compositions of Antarctic finds and non-Antarctic falls 
of uncommon type accord well, although analytical ranges for the falls can 
be extended by data for Antarctic finds. 

More recently, weathering effects on trace element contents of HS 
chondrites have been studied in detail [4,6]. Of 13 elements studied, 5 are 
more abundant in weathering type A and B H5 chondrites than in those of type 
C: Bi and Cs differ at significant (>95% confidence) levels, Co, Sb and Tl 
at possibly significant (90-94%) ones. For 3 samples with weathering rinds, 
interior samples contain signficantly more Cs and possibly Te than do rinds: 
these seem attributable to chance. ALH A82102, an HS chondrite caught 
emerging from the ice, reveals no systematic difference between exposed and 
submerged portions beyond that attributable to chance. As proposed earlier 
[5], these more recent data suggest leaching as the primary Antarctic 
weathering process for HS chondrites and, presumably, others. The effects 
are, however, minor and, with proper precautions, data from Antarctic 
meteorites are as reliable as those obtained from non-Antarctic falls [5]. 
Interestingly, trace and major element dispersion is generally smaller fn 
Antarctic samples than in non-Antarctic falls [4, 6-8]. 
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Properties of Antarctic finds and non-Antarctic falls differ to degrees 
well beyond those expected to arise from weathering [ 4]. Differences more 
subtle than those in Table 1 are apparent when trace element contents of HS 
or L6 chondrites from Victoria Land are compared with respective 
non-Antarctic falls. Using normal or lognormal distributions and standard 
statistical tests, 8 of 13 elements differ at >90% confidence level in each 
population (Table 2). [Furthermore, the differences are apparent in all 
equilibrated H and L chondrites, at least.] While elements that differ 
overlap to some extent, those that do differ in direction. From these and 
other data cited earlier, we can show that differences do not reflect 
Antarctic weathering or incidental causes (sample selection bias, 
compositional modeling, analytical bias or chance) [4,8]. 

We interpret compositional differences as reflecting derivation of 
Antarctic meteorites predominantly from parent sources or regions different 
than those from which contemporary falls derive. Hence, the near-earth 
meteoroid complex sampled by Victoria Land 3 x 10 5 years ago differed from 
that sampled today [4]. For example, the Victoria Land L6 chondrite sample 
population predominantly derived frcm a body or region much more heavily 
shocked, on average, than the one(s) we now study through contemporary L 
chondrites [8]. Antarctic meteorites truly constitute a solar system 
snapshot in time and/or space. 

Acnowledgements - We thank the U.S. National Science Foundation (grant DPP 
8111513) and the National Aeronautics and Space Administration (grant NAG 
9-48) for partial support of this research and the U.S. Department of Energy 
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Table 1. Comparative numbers of selected meteorite types* 
found in Victoria Land and falling in non-Antarctic regions 

Victoria Land Non-Antarctic 
Meteorite Type No. Pet. No. Pet. 

Chondrites 756 92.4 784 86 .6 
H 542 66.3 2?6 30.5 L 167 20.4 319 35.2 
LL 24 2.9 66 ?.3 

Achondrites 45 5.5 69 7.6 
Irons 14 1.7 42 4.6 
Stony Irons 3 0.4 10 1.1 
Total 818 100.0 905 100.0 

* Data from sources listed by Dennison et al. [4]. Queen Maud 
Land (Yamato) samples and non-Antarctic finds also exhibit 
the same trends: deficiencies of LL chondrites, irons and 
stony-irons and a very high H/L chondrite ratio in Antarctic 
meteorites compared with non-Antarctic ones [4] • 
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Table 2. Comparison of statistically significant differences in HS 
and L6 chondrites from Victoria Land, Antarctica with 
contemporary non-Antarctic falls [4,8]. 

Element Element 

Ant.(23) Non(20) Sig. Ant.(13) Non(25) Sig. 

* Co(ppm)* 4frl 600 97 
Au(ppb) 140 160 90 

Sb(ppb)* 83 69 97 
Se(ppm) 9.0 8.2 99 
Rb(ppm) 2.0 2.5 97 Rb(ppm) 2.6 2.2 95 

Cs(ppb) 4.02 12.4 99 
Te(ppb) 340 3frl 9() 

Bi(ppb) 2.8 1.1 98 Bi(ppb) 0.58 2.7 99 
Ag(ppb) 45 71 97 

In(ppb) 0.21 0.49 97 
Tl(ppb)* 0.81 0.24 96 
Zn(ppm) 43 53 96 
Cd(ppb) 0.72 3.7 99 Cd(ppb) 1.6 14.2 99 
* Arithmetric means: all others are geometric means. 
t 

Antarctic chondrites from Victoria Land; Column headings: Ant - Non-
Non-Antarctic chondrite falls; Sig. - Significance level at which it 
may be concluded that the respective sample populations do not derive 
from the same parent population. Numbers in parentheses are number of 
samples analyzed in that population. 
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TERRESTRIAL AND EXPOSURE HISTORIES OF ANTARCTIC METEORITES: K. Nishiizumi, 
Dept. of Chem., B-017, Univ. of Calif., San Diego, La Jolla, CA 92093 (U.S.A.) 

Records of cosmogenic effects (noble gases, radionuclides, and cosmic ray 
tracks) have been s.tudied in a large suite of Antarctic meteorites. The cosmo-
genic-nuclide . measurements together. with cosmic ray track measurements (if pos-
sible) on Antarctic meteorites provide us . with information such as exposure age, 
terrestrial· age, size and depth in meteoroid or parent body, influx rate in 
the past, pairing, and so on. The first two ages are of special interest. 
The exposure age is the time period between meteorite ejection from its parent 
body and capture by the earth. The cosmogenic nuclides are produced during 
this period by interraction of cosmic rays in space. The terrestrial age is 
the time period between the fall of the meteorite on the earth and the present. 
To define both ages, two or more nuclides with different half-lives and pos-
sibly noble gas data are required. 

In the present work, we emphasize the terrestrial age of Antarctic mete-
orites based on their cosmogenic radionuclides. The cosmoyenic radionuclides 
for this stud6 are 14c (tl/2 = 5740 years) [e.g. 1,2,3], 8 Kr (2.lxl05 years) 
[e.g. 4,5], 3 Cl (3.0xl05 years) [e.g. 6,_7,8], 26Al (7.05xlo5 years) [e.g. 9, 
10], lOBe (1.6xl06 years) [e.g. 11,12], .:>3Mn (3.7xlo6 years) [e.g.13,14,15] and 
40K (1.28xlo9 years) [e.g. 16]. 

Terrestrial age: Figure 1 is a histogram of terrestrial ages of Yamato, 
Allan Hills, and other Antarctic meteorites. The figure shows the average age 
for same fall (pair) meteorites and does not include the so-called 3.5xl04 
year peak for 14c age [2]. This figure indicates several features. The ter-
restrial ages of Allan Hills meteorites are widely distributed between lxl04 
and 7xlo5 years and clearly show longer ages than both Yamato and non-Allan 
Hills meteorites. This is expected because the meteorite surface density on 
the Allan Hills blue ice is much higher than that at the Yamato mountain area. 
All six Meteorite Hills meteorites which we have so far measured show terres-
trial age less than lxl05 years. The shape of the two distributions is dif-
ferent. The terrestrial ages of Allan Hills meteorites show poisson distri-
bution and others show exponential distribution. It is not clear that the 
difference is due to different accumulations mechanisms or sampling bias for 
measurements. For Allan Hills meteorites, there is no clear correlation be-
tween the terrestrial age and their weathering features. It may be that wea-
thering is mainly dependent on exposure time at the ice surface. Meteorites 
found on the west and north part of the Allan Hills blue ice region have shor-
ter terrestrial ages than meteorites found on the south and east part. This 
trend is similar to the flow direction of the surface ice. Figure 1 also in-
dicates that the terrestrial ages of Allan Hills L-chondrites are widely dis-
tributed up to 7xl05 years compared to other types of meteorites. We are not 
confident that this indicates a different influx rate of L-chondrites in the 
past, because of inadequate statistics and sampling artifacts which were the 
result of non-random selection of samples for measurement of terrestrial age 
determination. Additional studies are required to clarify this. 

Cosmic ray exposure history: There is no distinguishable difference be-
tween Antarctic meteorites and non-Antarctic meteorites with regard to expo-
sure age . The distribution of 21Ne exposure ages of Antarctic meteorites 
[e. g . 17,18,19] is very similar to that of non-Antarctic meteorites [20] . 
Figures 2-a and 2-b show the histogram of 53Mn results in L-chondrites (2-a) 
and H-chondrites (2-b) of both Antarctic and non-Antarctic meteorites. The 



TERRESTRIAL AND EXPOSURE HISTORIES -----
K. Nishiizumi 

33 

values have not been corrected for undersaturation. These two histograms for 
both classes of meteorites are surprisingly similar to each other. It is com-
pletely different from the histogram of nuclides with shorter half-lives, 26Al 
[9,10] and 36cl. Figures 2-a and 2-b indicate that the terrestrial ages of 
the Antarctic meteorites are usually short compared to the half-life of 53Mn, 
and also that the 53Mn contents of Antarctic meteorites are useful for the 
study"of meteorite exposure history. We found several interesting exposure 
histories among Antarctic meteorites, for example, two stage irradiations for 
ALHA 76008, Yamato 7301, 74028 and 74116 [6,14] and Solar Cosmic Ray effects 
for ALHA 77005 [unpublished]. These discussions will be described elsewhere. 
In general, we found no distinguishable differences between the average expo-
sure histories for the two sources of meteorites. 

New methods: We have started two new dating methods for measuring ter-
restrial ages of Antarctic meteorites and the history of the glacier. The 
cosmogenic nuclide 4lca with half-life of l.Oxl05 years can fill the gap be-
tween 14c and 81Kr, also 36cl for measurements of the terrestrial age of An-
tarctic meteorites. The 41ea in the metal phase is produced by high energy 
spallation such as 36cl in the metal phase. The production rate of 41ca is 
insensitive to size and depth for a meteorite of normal size. The first ac-
celerator mass spectrometry measurement of this nuclide in the Bogou iron me-
teorite [21] demonstrates that 4lca can be measured in 100-200 mg of meteor-
itic metal. The sample size will be reduced after improvements of the ion 
source of the accelerator. We also demonstrated in situ production of lOBe 
and 26Al in quartz samples [22]. The concentrations-or-both nuclides and the 
ratio show the erosion rate and cosmic ray exposure age of the quartz on the 
earth's surface [23]. The measurement of this pair in Antarctic quartz in-
dicates that how long the quartz was exposed on ice or snow. The first mea-
surements of lOBe and 26Al in a quartzite which was collected at the peak of 
Allan Hills shows that the top of Allan Hills was not covered by ice for the 
last 1 million years [22]. The measurements of lOBe and 26Al in other quartz 
collected at different locations are in progress. 

The author wishes to thank colleagues D. Elmore at the Univ. of Rochester 
and J. R. Arnold. This work was supported by NASA Grant NAG 9-33. 
Refs: (1) Fireman E.L. (1980) Proc. Lunar Planet. Sci. Conf. 11th, 1215-1221. 
~Brown R.M. et al. (1984) EPSL 67, 1-8. (3) Jull A.J:r:-et al. (1984) Proc. 
Lunar Planet. Sci. Conf. 15th~RB9, C329-C335. (4) Freundel M. et al. (1983) 
Meteoritics 18~99-300. ~Schultz L. an~ Freundel M. (1984) Meteoritics 19, 
310. (6) Nishiizumi K. et al. (1979) EPSL 45. (7) Nishiizumi K. et al. (1981) 
EPSL 52, 31-38. (8) Nishiizumi K. et ~(1983) EPSL 62, 407-417. (9) Evans 
J.C. et al. (1979) Proc. Lunar Planet. Sci. Conf:-lOt~ 1061-1072. (10) Evans 
J.C. and Reeves J.H~984) (abstract) LPS XV, 260-261. (11) Nishiizumi K. et 
al. (1982) Meteoritics 17, 260-261. (12) Moniot R.K. et al. (1982) NIH 203, 
495-502. (13) NishiizumiK. et al. (1978) Mem. Natl. Inst. Polar Res .,- Spec. 
Issue 8, 209-219. (14) Nishiizumi K. et al. (1980) ibid., 17, 202-209. (15) 
Goswami J.N. and Nishiizu~i K. (1983) EPSL 64, 1-8. (16) Nitoh 0. et al. (1980) 
Mem. Natl. Inst. Polar Res., Spec. Iss~7~189-201. (17) Takaoka N. et al. 
(1981) ibid. 20, 264-275. (18) Nagao K. et al. (1983) ibid. 30, 349-361. (19) 
Weber H.W. et----;1. (1983) z. Naturforsch • . 38a, 267-272. (20) Schultz L. and 
Kruse H. (1983) Compilation, Mainz, pp.88:-(21) Kubik P.W. et al. (1985) 
Nature (submitted). (22) Nishiizumi K. e t al . (1985) Nature (to be submitted). 
(23) Lal D. and Arnold J.R. (1985) Proc. Indian Acad. Sci. ~. 1-5 . 
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We have studied two Allen Hills chondrites, ALHA 77252 
and ALHA 77215 belonging to the L-group, by stepwise 
heating mass spectrometric methods for elemental and isoto-
pic composition of noble gases. 

The neon data points representing 600°C, 900°C, 1200°C 
and 1600°C temperature fractions are plotted in the three 
isotope neon diagram, Fig. 1. All the data points, in-
cluding the first temperature fractions (i.e. 6000C) fall 
much below the solar wind point (SW) in Fig. 1, clearly 
indicating the complete removal of solar wind from these 
samples. These two ALHA samples were found to contain 
irradiated track-rich grains (1) and hence are considered 
to be gas-rich meteorites. It may be noted here, that prior 
to performing the mass spectrometric analysis, we have not 
given any chemical etching treatment to these samples in 
our lab. The distribution of the data points of ALHA 77252 
and ALHA 77215 samples in Fig. 1 suggest that the surface 
sited losely bound solar wind was driven away from the irra-
diated grains by some natural etching process. As these 
Allen Hills chondrites were lying in Antarctic ice for 
several thousands of years and while most of the interior 
metal grains in these samples show signs of weathering, it 
is likely that the weathering process could have resulted 
in chemical etching of the grain surfaces over long periods 
of time, driving away the implanted SW from these grains. 

In the case of the etched mineral residues, (after the 
solar wind removal) the data points represent varying mi-
xtures of imolanted solar flare neon and combined GCR and 
SCR spallation depending on their cosmic ray exposure 
history. For a given sample, the data points could be 
fitted to a best-fit line (not sho1.vn in Fig. 1). In the 
case of ALHA 77215, this line when extrapolated upwards 
will intersect the SW-SF-A-P (solar wind-solar flare-
Atmosphere-Planetary) line at 11.6±0.2 for the Ne-20/Ne-22 
ratio for a 21/22 ratio of 0.031+0.002. The data set 
belonging to the ALHA 77215 is found to be free from experi-
mental problems compared to ALHA 77252. The value obtained 
for ALHA 77252 agrees with that given above within experi-
mental errors. 

The 3He/4He value obtained in the case of ALHA 77215 
is about 8.5xlo-4 (total) and in the case of ALHA 77252 
it is about 1.3xlo-3 (total). These are the tentative 
values, 
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Further, a method to resolve the SCR-proton produced neon 
component from these two gas-rich chondrites is discussed 
briefly. 

References: (1) J.N. Goswami, Nature, 293, 124, 1981. 

Figure Caption: Fig. 1. Neon diagram in which the 
data of ALHA 77252 and ALHA 77215 are plotted. Though 
the Kapoeta data are plotted for comparison, they are 
discussed elsewhere. 
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RARE AND UNIQUE METEORITES FROM ANTARCTICA 
H. Palme, Max-Planck-Institut fUr Chemie, 65 Mainz, F.R. Germany 

Among the several thousand meteorite specimens recovered from Antarctic 
ice-fields, there is a certain number of meteorites, that deserve special at-
tention. They either belong to meteorite classes with only few members or they 
are uAique in the sense that they do not fit into any of the existing meteor-
ite groups. The importance of some of these meteorites cannot be overesti-
mated. For example, the detection of Antarctic meteorites of Lunar and perhaps 
Martian origin, belongs to the most important discoveries in planetology dur-
ing the last years. The prospect of finding more of these meteorites should be 
incentive enough to continue the collection of Antarctic meteorites for the 
next decade. 
Lunar Meteorites: 

On January 18, 1982 an, by appearance, unusual meteorite was collected in 
Antarctica (1). The specimen weighed 31.4 grams and was designated ALHA 
81005. By the time of the 14th Lunar and Planetary Conference in March 1983 it 
was unanimously agreed by the scientific community, that this meteorite rep-
resents ancient lunar highland crust (2). 

In 1985, papers given at the lOth symposium on Antarctic meteorites in 
Tokyo described a lunar meteorite from the Yamato mountains (3). This meteor-
ite (Y-791197, 52.4 grams) was only recently recognized as a lunar rock, 
although it was collected in 1979, 2 years before the Allan Hills Lunar 
meteorite. Still another lunar meteorite Y-82192 (36.7 grams) was identified 
in the Japanese collection (4). The two lunar meteorites investigated so far, 
ALHA 81005 and Y-791179, are very similar in texture, mineralogy and chemical 
composition. Both meteorites are anorthositic regolith-breccias with solar 
wind implanted rare gases (4, 5). The two lunar meteorites contain abundant 
lithic and mineral clasts, similar to those from Apollo highland breccias (6, 
7). The absence of KREEP, a component rich in incompatible elements in front-
side Apollo highland rocks, and the pattern of siderophile elements suggest 
that both meteorites sample the old lunar crust (older than 4 b.y.) some dis-
tance away from the large basins on the front side. They are perhaps samples 
from the far-side of the Moon. A closer inspection, however, reveals signifi-
cant differences between ALHA 81005 and Y-791179. The Yamato lunar meteorite 
has a higher Fe/Mg ratio and a higher content of Sc, than the All an Hi 11 s 
meteorite and most of the Apollo highland rocks (7, 8). Therefore the compo-
sition of the Y-791179 meteorite does not fit into the mixing diagram that has 
been successfully established for lunar hiqhland samples from the Apollo 
missions (9). The ALHA 81005 meteorite does marqinally lie within compositions 
of the mixinq diagram (10). The major and trace element chemistry of the 
front-side samples was established by large basin forming impacts 3.9 to 4 
b.y. ago. These samples probably contain material from deeper stratiqraphic 
levels. Impacts on the far side did not penetrate the crust (because of its 
larger thickness). Therefore, meteorites such as Y-791179, which is likely to 
come from the far side may provide the opportunity to study the composition of 
the earliest lunar crust. Another important signature of the Y-791179 meteor-
ite is its high content of volatile elements, which is in some cases compar-
able to the volatile rich rusty rock 66095 (11). Similar high Ga contents, as 
those found in some fragments of ALHA 791179 have never been observed in other 
highland samples (7, 11). Since Ga enrichment is accompanied by enrichments of 
other volatiles (11) there is no doubt that the high Ga is a result of a gen-
eral enhancement in volatile elements. Redistribution of-volatile elements may 
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therefore be a moon-wide phenomena. There is, abundant evidence for these pro-
cesse to have occurred on the front side 3.9-4.0 b.y. ago. The Yamato lunar 
meteorite clearly demonstrates the importance of these processes on a more 
Moon~wide basis. Some preliminary age data suggest that volatilisation and re-
condensation may have occurred around 3.9 b.y. at the same time as on the 
front side ( 12) . 

With these questions in mind one may well anticipate that additional lu-
nar meteorites will considerably enhance our knowledge of the formation of the 
lunar highland crust. Some 5 to 10 more lunar meteorites could solve some im-
portant questions of lunar geochemistry. We would then presumably know the av-
erage far-side composition. With this knowledge better models for the early 
differentiation of the Moon, including formation of an anorthositic crust, 
could be set up. 
Meteorites from Mars? 

An important consequence of the discovery of lunar meteorites (without 
noticeable shock features) is the increasing readiness of researches to accept 
the proposition that the SNC-meteorites (Shergottites, Nakhlites, Chas-
signites) are impact ejected Mars rocks. Some of the most convincing evidence 
is obtained from nitrogen isotope determinations and rare gas abundance 
measurements on samples from the Antarctic meteorite EETA 79001 (12, 13). This 
meteorite and the Allan Hills A 77005 have increased the number of potent i al 
Mars meteorites by some 30 %. There is, of course, the hope to find more SNC-
meteorites by future Antarctic expeditions or even identify SNC-meteorites in 
the present Antarctic meteorite collections. Any new SNC-meteorite may provide 
the crucial evidence for a Martian origin of the SNC-group. In contrast to the 
time before the detection of Antarctic meteorites we are now in the position 
to actively pursue these questions by further searching for those meteorites. 
Meteorites from the parent body of basaltic achondrites: 

A comparatively large number of eucrites, howardites, and diogenites has 
been recovered from the Antarctic. These samples from the third differentiated 
planet, aside from the Earth, prov i de important evidence for the accretion and 
differentiation of a small planet under reducing conditions. For unknown 
reasons eucritic samples from the Antarctic are dominated by polymict 
eucrites, sampling a variety of compositionally different basaltic clasts 
{14). We have in our laboratory, for example, analysed clasts from a polymict 
eucrite (Y-790266). One of these clasts contains abundant sulfides with high 
contents of Ni, Co, Ir and other siderophile elements (15). This kind of ev id -
ence may have some bearing on the evolution of a metal-sulfide core of the eu-
cri te parent body. The Antarctic samp 1 es from the eucri te parent body wi 11 
certainly help deciphering the still controversial story of the evolution of 
this small planet. 
Chondritic meteorites: 

The relatively large number of C2 and C3 meteorites from Antarctica may 
contain a wealth of information on early solar system processes. Detailed in-
vestigation of these meteorites is just beginning. We are still expecting the 
first C1 chondrite. 

An unusual chondritic meteorite ALHA 77081 was recovered in 1977 (16). It 
has chondritic composition and achondritic texture. With its high content of 
volatile elements and its reduced mineral chemi stry, this meteorite belongs ·to 
the same group as Acapulco, Winona, silicate inclusions in IAB .etc. (17). Such 
a small meteorite of only 8.56 g can only be spotted on a white ice-field. 
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There may probably be more unusual meteorites among the not yet fully investi-
gated small meteorites. 

There are also rare unequilibrated enstatite chondrites amonq Antarctic 
meteorites. In one of the Antarctic enstatite chqndrites solar type· rare gases 
have been detected, indicating for the first time the existence of regolith on 
an enstatite chondrite parent body (20). 

In the lOth symposium of Antarctic meteorites a lodranite was described 
(18). Texture and chemistry of this meteorite (Y-79149) suggest that it is a 
cumulate rock. Although probably because of a parent body with a small gravity 
field, there was no separation of metal, sulfide and silicate (18). Evidence 
such as this provides important information on the initial differentiation of 
small planets. It may in addition be possible to extract from these assem-
blages data on metal- silicate and sulfide-silicate partitioning of trace el -
ements, such as Ni, Co etc. These data are essential in modelling the early 
differentiation of the Earth. 

In summary, there is such a wealth of new information on differentiated 
and undifferentiated planetary bodies, deduced from Antarctic meteorites that 
it is at present not possible to even qualitatively foresee the impact that 
these meteorites will have on our understandina of the formation and differen-
tiation of large and small planets in our solar system. 

In the past years cons i derab 1 e efforts have been devoted to search for 
presolar material. Inclusion of Antartic meteorites into these programs has 
not even started. There is no doubt, in my opinion, that it will not take very 
long, when new existing evidence will be provided by these meteorites. And if 
it is for no other reason than the large number of unequilibrated carbonaceous 
and ordinary chondrites among the Antarctic meteorite collections. 

Lit.: 
(1) U.B. Marv i n (1983) Geophys. Res. Lett. 10, p. 775-778; (2) Results on ALHA 
81005 were published by various research groups in 1983 in Geophys. Res. 
Lett. 10, p. 773-840; (3} Abstracts, lOth Symposium on Antarctic Meteorites, 
25-27 March 1985, National Institute of Polar Research, Tokyo, 39-54; (4) K. 
Yanai and K. Hideyasu ibid. 39 (1-3); (5) N. Takaoka, ibid. 51 (1-3); (6} M. 
Lindstrom et al. ibid. 53 (1-3); (7) R. Ostertag et al. ibid. 42 (1-2) ; (8) 
T. Fukuoka et al. ibid. 41 (1-2); (9) H. Wanke et al. (1976) Proc. Lunar Sc i . 
Conf. 7th, p. 3479-3499; (10) H. Palme et al. (1983) Geophys. Res. Lett. 10, 
p. 817-820; (11) P.W. Kaczaral et al. (1985) Abstract, lOth Symposium on Ant-
arctic Meteorites, 25-27 March 1985, National Institute for Polar Research 
Tokyo, 44 (1-2); (12) R.H. Becker and R.O. Pepin (1984) EPSL 69, p. 225-242; 
(13) D.O. Bogard and P. Johnson (1983) Science 221, p. 651-654; (14} J. S.-
Delaney et al. (1984) Proc. Lunar and Planet. Sci. 15th, 89, C251-C288; (15} 
unpublished data, th i s laboratory; (16) L. Schultz et al. (1982) EPSL 61, p. 
23-31; (17) H. Palme et al. (1981) GCA 45, p. 727-752; (18) H. Nagahara (1985} 
Abstract, lOth Symposium on Antarctic Meteorites, 25-27 March 1985, National 
Institute of Polar Research, Tokyo, 7 (1-3); (19) H. Nagahara ibid. 83 (1-4}; 
(20) P. Signer et al. (1983) Meteoritics 18, p. 399. 
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Antarctic meteorites differ from meteorites fallen in other places in their 
mean.terrestrial ages. BOECKL (1) estimated the terrestrial "half-life•• for 
the disintegration of stone meteorites by weathering under the climatic con-
ditions of the Western United States of America to about 3600 years. Antarc-
tic meteorites, however, have terrestrial ages up to 7·105 yrs, indicating 
larger weathering half-lifes. 

The terrestrial ages of meteorites are determined by their concentration of 
cosmic-ray-produced radionuclides with su1table half-lives. 14 C, 26 Al and 
36 Cl have yielded reliable ages of Antarctic meteorites. A summary of the 
results is given by NISHIIZUMI (2). Because of the long half-life of 26 Al 
{t1 / 2 = 7·105 yrs) this isotope is only useful for terrestrial ages greater 
than about 3·105yrs. On the other hand, 14C-terrestrial- ages can only be 
measured when the age is less than about 4·104 yrs. The gap between these 
limits is partly closed by measurements of 36Cl. This isotope must be mea-
sured in the metal phase of meteorites because the production of cosmogenic 
36 Cl in silicate phases is highly variable. To determine also terrestrial 
ages of achondrites, which do not contain any metal phase, we have used 81 Kr 
(t1/ 2 = 2·105 yrs) combined w1th cosmogenic 38Ar (3-5). A summary of these 
results is given in Tab. 1. 

From these measurements and also from mineralogical investigations (6) it be-
came clear that many Antarctic achondrite specimens are paired or even mul-
tiple falls. Most of the Yamato polymict eucrites belong to two falls only; 
the same is true for the Elephant Moraine eucrites. Also all investigated 
Allan Hills polymict eucrites are parts of one fall. Therefore, from 17 me-
teorites investigated only ten individual terrestrial ages are obtained. 

Fig. 1 shows the distribution of terrestrial ages of Allan Hills and Yamato 
meteorites. To discuss the distribution of terrestrial ages of Allan Hills 
meteorites the following assumptions are made: 
- Since more than 7·105 yrs a "steady-state•• situation is present concerning 

ice movement. ablation, meteorite infall rate etc. 
- The sink for meteorites is physical weathering. Weathering ( = destruction) 

takes place only for meteorites sitting on the surface of the ice. The de-
struction is proportional to the number of meteorites exposed. The removal 
of meteorites by strong winds or meteorite hunters is not important for 
this discussion. 

- Allan Hills meteorites are direct falls and meteorites transported within 
the ice to their place of recovery. 

- Meteorites with terrestrial ages less than 10 5 yrs are direct falls. 

Fig. 2 shows the expected distribution of terrestrial ages which was con-
structed with a destruction half-life of 1.6·105 yrs and a transport time 
of the meteorites within the ice {without weathering) of 1.5·105 yrs. The 
ratio of local falls to transported meteorites is 1:1 which is anticipated 
by transport models (7). The agreement between the calculated distribution 
of terrestrial ages and observation is reasonably good, although the number 
of dated meteorites is still rather small. 
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Most of the Yamato meteorites have shorter terrestrial ages than the Allan 
Hills meteorites (see Fig. 1). This difference has been noted earlier by HON-
DA (8), NISHIIZUMI et al. (9), FIREMAN (10), and JULL et al. (11). If these 
meteorites are direct falls only the weathering half-life must be greater 
compared to Allan Hills conditions. This, however, seems not to be likely. 
JULL et al. (11) explain the absence of Yamato meteorites with greater ter-
restrial ages by the removal of these stones by ice flow through the block-
ing system of the Yamato Mountain barrier. However, it seems to be also pos-
sible that the Yamato ice field is not stagnant for a sufficient long time. 
Direct falls dominate the Yamato meteorites; accumulation took place not long 
enough to build-up the pattern of weathering in the distribution of terres-
trial a~es. This model implies that the Yamato ice field has an age of less 
than 10 yrs and that the concentration mechanism by ice movement plays only 
a minor role. Absolute ages of ice could help to clarify this problem. 

References: (1) Boeckl R. (1972) Nature, 236, p. 25-26. (2) Nishiizumi K. 
(1984) In: Field and Laboratory Invest1gat1ons of Meteorites from Victoria 
Land (eds. Marvin U.B. and B. Mason), Smithsonian Contr. Earth Sci., 26, 
p. 1u5-109. (3) Freundel M., J. Crabb, and L. Schultz (1983) Meteorit1cs, 18, 
p. 299-300. (4) Schultz, L. and M. Freundel (1984) Meteoritics, 19, p. 310-. 
(5) Schultz L. (1985) Abstracts 10th Sym . Antarctic Meteorites,-rokyo, 
p. 158-159. (6) Delaney .S., H. Take a an • Pr1nz Proc. Eights Symp. 
Antarctic Meteorites, Mem. Natl. Inst. Polar Res., Spec. Issue 30, p. 206-
223. (7) Whillans I.M. and W.A. Cassidy (1983) Science, 222, p. 55-57. 
(8) Honda M. (1981) Geochem. J., 15, p. 163-181. (9J Nisffizumi K., J.R. 
Arnold, D. Elmore, X. Ma, D. Newman, and H.E. Grove (1983) Earth Planet. Sci. 
Lett., 62. p. 246-250. (10) Fireman E.L. (1983) Proc. EightSS"Ymp. Antarctic 
~1eteorites, Mem. Natl. Inst. Polar Res., Spec. Issue 30, p. 246-250. 
(11) Jull A.J.T., D.J.Donahue, T.H. Zabel, and E.L. Fireman (1984) Proc. 
Lunar Planet. Sci. Conf. 15th, in J. Geophys. Res. 89, p. C329-C335. 
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Fig.2: For Allan Hills meteorites the distribution of terrestrial ages is cal-
culated from direct falls and transported meteorites. The "weathering" 
half-life on the surface of the ice is and the transport 
time within the ice is about yrs. 

Tab. 1: Terrestrial 81 Kr and exposure ages of Antarctic achondrites. 
Brackets indicate paired falls. 

Class Terrestrial age ( 1 3 yrs) Exposure age 

ALH 78132 Euc 121 ± 52 16.1 ± 1.2] ALH Euc 117 ± 51 15.5 ± 1.7 
ALH Euc 115 ± 92 14.5 ± 1.6 
ALH She ± 3.6 ± .4 
EET Euc ± 23 21 .6 ± 2. 1 
EET Euc 185 ± 41 27.6 ± J EET Euc ± 39 26.2 ± 1.6 
EET Euc 173 ± 26.3 ± 1.9 
TIL Euc 28.5 ± 1.8 
PCA Euc ± 31 21.9 ± 1.5 
y Euc ~44 73.3 ± 6.5 J 
y 790007 Euc ~34 73.5 ± 7.2-
y 790122 Euc 111 ± 31 24.4 ± 1 .8 J 
y 790260 Euc 140 ± 32 21.6 ± 1.7 
y 790266 Euc 150 ± 33 22.0 ± 2.0 
y 75032 Dio 22 ± 56 17.2 ±.1.6 
y 790727 How 225 ± 58 12.7 ± 1.2 
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A PRELIMINARY REPORT ON A POSSIBLE STROMATOLITE FIND FROM THE 
ELEPHANT MORAINE, ANTARCTICA: A POTENTIAL DIRECTIONAL INDICATOR FOR ICE 
MOVEMENT; P.P. Sipiera* and C.A. Landis, Geology Department, University 
of Otago, New Zealand • 

During the 1983-84 Antarctica Search for Meteorites field season, 
numerous specimens of a shiny black rock were collected from among the 
glacial debris at the Elephant Moraine. From a distance, these black rocks 
gave the appearence of meteorites, but upon closer inspection, distinct 
layering and radial growth patterns were clearly observed. Later laboratory 
investigations showed that these unusual specimens are composed principally 
of carbonate. In hand specimen these rocks exhibit a distinctive jet-black 
coloration, along with a "desert-glaze" that is the probable result of 
sand-blasting by the wind blown granular snow. Most specimens have a 
layered appearence, with a few resembling rounded "clumps" of material 
attached to a clastic sedimentary base rock. Microscopic examination 
shows a pseudo-cellular structure that exhibits color zonation (see Figure 
1) • Twelve electron microprobe spot analyses gave a mean chemical 
composition of .10% Feco3 •• 03% Mnco3 , .10% Mgco3 and 99.53% caco3 . The 
color variation in the zoning that is apparent in Figure 1. is primarily a 
function of the Feco3 and Mnco3 content. No conclusive statement can be 
made for the overall jet-black coloration at this time. 

Since these possible stromatolites were found among glacial debris 
that was probably transported over a great distance, the determination of 
their source area could aid in the comprehensive understanding of ice 
movement in this area. A preliminary search of the literature has not found 
any other Antarctic location where similar material has been collected. One 
possible site was reported by Burgess and Lammerink, 1979, in which they 
briefly discussed stromatolites in the Shackleton Limestone from the Byrd 
Glacier area. Comparison with this material in the collections at Victoria 
University in Wellington, New Zealand proved negative, but does not rule it 
out since unclassifed material remains to be studied. It is hoped that 
future research will be able to specifically identify this possible 
stromatolite material and that a source locality will be found. At present, 
we can only hope that this preliminary report will provide an awareness of 
this rather unique material. 

Burgess, C.J. and W. Lammerink (1979). Geology of the Shackleton 
Limestone (Cambrian) in the Byrd Glacier Area, New Zealand Antarctic 
Record, vol. 2, pp. 12-16. 

*Present address: Meteorite Research Group, Harper College, Palatine, IL 
60067, USA 
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Figure 1. Microphotograph of the pseudo-cellular structure in the 
possible stromatolites found at the Elephant Moraine. (lOx magnification) 
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THERMOLUMINESCENCE OF ANTARCTIC METEORITES: A RAPID 
SCREENING TECHNIQUE FOR TERRESTRIAL AGE ESTIMATION, PAIRING 
STUDIES, AND IDENTIFICATION OF SPECIMENS WITH UNUSUAL PRE-
FALL HISTORIES. S. R. Sutton and R. M. Walker, McDonnell Center for the Space Sci-
ences, Washington University, St. Louis, MO 63130. 

ABSTRACT: Thermoluminescence (TL) is a promising technique for rapid screening of the 
large numbers of Antarctic meteorites, permitting identification of interesting specimens that 
can then be studied in detail by other, more definitive techniques. Specifically, TL permits 
determination of rough terrestrial age, identification of potential paired groups and location of 
specimens with unusual pre-fall histories. Meteorites with long terrestrial ages are particularly 
valuable for studying transport and weathering mechanisms. Pairing studies are possible 
because TL variations among meteorites are large compared to variations within individual 
objects, especially for natural TL. Available TL data for several L3 fragments, three of which 
have been paired by other techniques, are presented as an example of the use of TL parameters 
in pairing studies. Additional TL measurements, specifically a blind test, are recommended to 
satisfactorily establish the reliability of this pairing property. TL measurements also identify 
fragments with unusual pre-fall histories, such as near-sun orbits. 
INTRODUCTION: Thermoluminescence is a relatively rapid analytical technique. Although 
the results may sometimes be ambiguous, permitting several interpretations, it is potentially 
useful as a method for rapidly identifying interesting specimens that can then be examined by 
other methods in a timely fashion. This paper discusses the use of TL in determination of ter-
restrial ages, pairing properties, and unusual pre-fall histories. Field observations raise immedi-
ate questions concerning certain specimens and it would be useful to have a rapid technique for 
giving first order answers to these questions. For example, in the 1984-85 field season, frag-
ments of a distinctive meteorite were found scattered over a large area. The fact that some 
fragments were found on white ice, not blue ice (as is usually the case), suggests that the frag-
ments were part of a shower that arrived on Earth quite recently. Corroboration of this 
hypothesis (or not) could influence plans for the study of these fragments as well as affect think-
ing about concentration mechanisms. 
TL MEASUREMENT: The thermoluminescence measurement consists of heating the sample 
(typically 5 mg of powder) from room temperature to about 500 • C and plotting the TL inten-
sity versus sample temperature, the s~called "glow curve." Two types of glow curves, natural 
and artificial, are registered for each fragment. The natural glow curve is that measured for the 
"as-received" material while the artificial glow curve is that measured after draining the natural 
TL and irradiating the sample to some known dose (e.g., 10.5 rads with beta particles). In gen-
eral, natural TL provides information on the thermal and irradiation history of the object while 
information on the phosphors and their abundance is derived from artificial TL. Two charac-
teristics of the glow curves lend themselves to these analyses, shape and intensity. 
TERRESTRIAL AGE: Upon arrival on Earth, meteorites are shielded from cosmic irradia-
tion by the Earth's atmosphere and their natural TL decays. Attempts to use the extent of TL 
decay for accurate terrestrial age determination [1,2] have been hindered by a lack of accurate 
knowledge of (I) the TL levels present in individual fragments immediately after fall and (2} the 
Antarctic storage temperature. It has been shown, however, by comparison with radiometrically-
determined terrestrial ages that TL measurements are capable of providing approximate terres-
trial ages. That is, specimens with high natural TL must have short terrestrial ages while 
those with low natural TL are likely to have long terrestrial ages (a caveat in the latter case, 
however, is that rare near-sun orbits can also reduce natural TL; see below). Melcher [l ] usC'd 
the intensity of natural TL expressed as equivalent dose (ED) as a measure of terrestrial age. 
The ED at a given glow curve temperature, the laboratory dose required to match the natural 
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TL intensity, is given by 

ED = Natural TL z 'Lab Dose 
Artificial TL 

Eleven L and H chondrites from Antarctica gave ED values at 200 o C in the glow curve ranging 
from 0.13 to 22.7 krads. Estimated terrestrial ages ranged from < 100,000 to >400,000 years 
and were consistent with 36CI ages. An order of magnitude difference in ED corresponds to 
roughly an order of magnitude difference in age. In another terrestrial age study of Antarctic 
meteorites, McKeever [2] examined the shape of the natural glow curve expressed as the ratio of 
the low temperature intensity (LT) to the high temperature intensity (HT) for eight L and H 
chondrites. TL terrestrial ages again were consistent with radiometric estimates. 
PAIRING STUDIES: The TL emitted by a meteorite is a complex combination of many fac-
tors including phosphor TL characteristics and abundance, thermal history, irradiation history 
and terrestrial age. Because these factors are likely to be unique for each meteorite, unpaired 
meteorites are expected to have significantly different TL properties. Pairing studies using TL 
are possible because observed meteorite-t<rmeteorite TL variations are generally large compared 
to variations within single objects. The similarity of TL response from two objects would be 
consistent with pairing while discrepancy would be eviden<:e for non-pairing. 
INTER-METEORITE TL VARIATIONS: (1) Natural TL- In Melcher's terrestrial age study 
[1], the eleven Land H chondrites from Antarctica gave ED {200 ° C) covering a dynamic range 
of about a factor of 200. A variation of about 200 was also found in L T /HT values in 
McKeever's work [2]. (2) Artificial TL - The shape of the artificial glow curve in equilibrated 
chondrites has been found to be very similar although significant variations are found for une-
quilibrated chondrites [1,3]. This characteristic is not expected to be a very sensitive indicator 
of pairing. The variation in intensity of artificial glow curves, TL sensitivity, depends on petr<r 
logic type. Sears et al. [3] have found a variation of > 1,000 in TL sensitivity for type 3's while 
types 4-6 vary by only a factor of about 10. 
INTRA-METEORITE TL VARIATIONS: (1) Natural TL- Two effects are expected to be most 
important in producing natural TL gradients within individual meteorites, attenuation of cosmic 
radiation and thermal gradients during atmospheric entry. Simulation experiments suggest that 
cosmic ray attenuation effects should be less than a factor of two over dimensions of several tens 
of centimeters !4]. Natural TL gradients observed in 3 meteorites are consistent with this value 
(Ucera- 30%/10cm [5]; Plainview- 60%/lOcm [6]; St. Severin- 50%/30cm [4]. In most cases, 
thermal decay of natural TL produced during atmospheric entry is significant only within a few 
millimeters of the fusion crust [7,8] so that careful selection of samples for TL analysis can avoid 
this effect. An exception, however, is Farmville (H4) which shows a factor of 10 variation in ED 
(200 ° C) across a 20 em slab possibly resulting from an oriented entry [9]. (2) Artificial TL -
Artificial TL variations result principally from phosphor abundance heteorogeniety but varia-
tions in phosphor TL characteristics can also be significant for unequilibrated specimens. The 
range of TL sensitivity measurements on different fragments from the same meteorite is typi-
cally better than a factor of two [10]; For both artificial TL and natural TL measurements, the 
reproducibility of 5 mg aliquots from powdered small chips ( -100 mg) is typically better than ± 
20% , i.e.; small compared to the effects described above [1]. 
TL PAIRING DATA FOR SELECT ANTARCTIC L3 CHONDRITES: Although the current 
TL data set for Antarctic meteorites is limited, data d()(>s exist for three L3 chondrites, ALII.-\-
77015, 771-10 and 7i214, paired by other techniques (petrography, noble gases and radionurlidcs 
[11]). Table 1 summarizes the TL data on these fragments and other unpaired L3's. The small 
ED and TL sensitivity differences between 77140 and 77214 are consist('nt with the paired 
identification for these two fragnwnts. However, thf' TL s<>nsitivity for ii015 is a factor of 2 
grcat<'r, a greater difference than the measured reproducibility of replicate measurements. TL 
sensitivity diff<>rcnces on this order led Sears et al. [ 12] to suggest that two separate falls are 
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represented, one containing three members including 77015 and another containing 5 members 
including 77140 and 77214. The LT /HT values (natural TL glow curve shape parameter), 
different by a factor of 3 for 77015 and 77214, are consistent with this interpretation. Table 1 
also shows the clearly distinct TL data for two unpaired fragments, 77003 and 77278. 

TABLE 1: TL Pairing Data for Several Antarctic L3 Chondrites 
ED (200. C)a 

Specimen (krads) LT /HTb TL Sensitivityd 
Paired: 

ALHA-77015 
ALHA-77140 
ALHA-77214 

Unpaired: 
ALHA-77003 
ALHA-77278 

nd 
4.95 
6.5 

22.7 
3.2 

1.35 0.15c 
nd 0.08e 
3.90 0.078c 

52.5 0.48e 
nd 0.25c 

8~1elcher [1]: b~lcKet>nr [2]: l'Sears, et al. [12]: drelati\'e to Djahala: e~lelcher [9]: nd=not determirwd 

UNUSUAL PRE-FALL IDS TORIES: An important asset of meteorite TL measurements is 
the ability to quickly identify meteorites with atypical thermal and/or irradiation histories. The 
classic example is Malakal (L5) which has extremely reduced low temperature ED although its 
high temperature ED is "normal" [1]. The extent of reduction suggests that the object suffered 
solar heating in an orbit with a perihelion of 0.5-0.6 AU, consistent with its unusually high :.W AI 
(79 ± 2 dpm/kg [13]). In another such example, the abnormally reduced low temperature ED's 
of two lunar meteorites, ALHA-81005 and Yamato-791197, were interpreted as resulting from 
heating during impact ejection and a subsequent space exposure which was sufficiently short to 
prohibited significant TL reaccumulation. A maximum Earth transit time of only -2,000 years 
was indicated for both objects [14,15]. 
CONCLUSIONS: Natural and artificial thermoluminescence measurements on Antarctic 
meteorite fragments provide valuable information on the histories of these objects. Meteorites 
with short terrestrial ages can be easily identified as well as those likely to have very long terres-
trial ages. Pairing studies are also feasible. Natural TL, probably the more sensitive pairing 
property, is observed to vary by a factor of 200 among individual Antarctic chondrite fragments 
while variations within fragments are expected to be less than a factor of 2. Inter-meteorite 
variation of artificial TL is less, only a factor of 10, but can be greater for particular meteorite 
classes (e.g., the > 1 ,000-fold variation observed in type 3 unequilibrated chondrites). A sys-
tematic test program including a blind test is recommended to establish the reliability of TL 
pairing more definitively than is currently possible with the limited available data. TL can also 
pinpoint meteorites with unusual pre-fall histories, such as those with near-sun orbits or those 
such as lunar meteorites which have been exposed in space for only a short time. Such informa-
tion would be useful in planning studies of particular meteorites by complementary (and more 
time consuming) techniques. 
REFERENCES: [I] Melcher, C. L. (1981) Geochim. Cosmochim. Acta, 45, 615-626. [2] McKeever, S. 
W. S. (1982) Earth Planet. Sci. Lett. 58, 419-429. [3] Sears, D. W., J. N. Grossman, C. L. Melcher, L. 1\L 
Ross and A. A. Mills (1980) Nature 287, 791-795. [4] Lalou, C., D. Nordemann and J. Labeyrie (1970) C. 
R. Acad. Sci. Paris, Ser. D, 270, 2101-2104. [5] Vaz, J. E. (1972) Meteoritics, 7, 77-86. [6] Vaz, J. E. and 
D. W. Sears (1977) Meteoritics 12, 47-60. [7] Melcher, C. L. (1979) Meteoritics, 14, 309-316. [8] Sears, D. 
W. (1975) Modern Geology, 5, 155-164. [9] MelchPr, C. L. (19R5) private communication. [10] Sears, D. 
W. G. and K. S. Weeks (1983) Lunar Planet. Sci. XIV, 682-683. [11] Scott, E. R. D. (198·1) Proc. Ninth 
Symposium on Antarctic Meteorites, in press. [12] Sears, D. W., J. N. Grossman and C. L. Melcher ( 1982) 
Geochim. Cosmochim. Acta 46, 2·171-2181. [13] Cressy, P. J., Jr. and L.A. Rancitelli (1974) Earth Planet . 
Sci. Lett. 22, 275-283. [14 ] Sutton, S. R. and G. C. Crozaz (1983) GRL 10, ~09-812. [15] Sutton, S. R. 
(1985) abstract- lOth Symposium on Antarctic M<.>teorit..es, Tokyo. 
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PARENT SOURCES OF ANTARCTIC METEORITES AS INFERRED FROM PAIRING OF 
THE SPECIMENS. Hiroshi Takeda, Mineralogical Institute, Faculty of Science, 
University of Tokyo, Hongo, Tokyo 113, Japan. 

In the biginning of our Antarctic meteorite research, we thought that 
the kntarctic meteorites will provide us with good statistics on populations 
for different classes of meteorites. It is unclear, however, to estimate 
the number of different meteorites represented by the Antarctic collection, 
because some of these are paired. In addition, the number of Antarctic 
meteorites with unusual comp~tions or textures within a known class appears 
to be greater than what we expected from the non-Antarctic collections. It 
is natural to find rare, unique or unknown types, because the total number 
of specimen is large. We found, however, more anomalous ones in some 
classes of meteorite than the others. For example, all Yamato diogenites 
are different from the non-Antarctic diogenites in texture or chemical 
compositions (1) (2). Polymict eucrites are more abundant than howardites 
in the Antarctic achondrites (3) (4). 

Among several answers to the question of why polymict eucrites or other 
unique meteorites are common in Antarctica, there is an evidence to support 
an idea that the meteorites on a specific ice field may represent falls in 
the local area during a certain period in the past and that the distribution 
of achondrite meteorites reaching the earth has changed with time and the 
Antarctic collection represents an average over a much longer time interval 
or during a certain period in the distant past (4). Old terrestrial age of 
the Antarctic meteorites and differences betweeen the Yamato and Victoria 
Land collections support the hypothesis (5) (6). Dennison et al. (7) found 
that even in more common meteorites, Antarctic and non-Antarctic meteorite 
differ. They interpret these differences as reflecting derivation of 
Antarctic meteorites predominantly from parent sources or regions different 
than those from which contemporary falls derive. 

Because it is expected that impacts or collisions of their parent 
bodies may produce fragments from different parts to have different orbits, 
the Antarctic meteorites may sample some portions of their parent body 
unknown from the contemporary non-Antarctic meteorites. If so, this charac-
teristics of the Antarctic meteorites will greatly help us to reconstruct 
the parent body or mass for genetically related meteorites. To obtain a 
better understanding of the parent source s and their relation to asteroids, 
we reinvestigated several Antarctic achondrites and unique chondrites with 
electron microprobe and single crystal X ray diffraction and performed 
synthesis of their parent body for three classes of meteorites on the basis 
of pairing of the specimens. 
(1) HED (Howardites, Eucrites, Diogenites) Achondrite Parent Body. Discov-
eries of many polymict eucrites and the most diogenite-rich howardite, Y7308 
from Antarctica, helped us to reconstruct their parent body (9). The 
polymict eucrites are regolith breccias produced by impacts of small bodies, 
which destructed, mixed and excavated only surface portions of the layered 
crust (9). The presence of unique clasts (4) and the same terrestrial age 
(6) suggested that Y74450, Y75011, Y75015, Y790007, Y790020 are paired. The 
basaltic clasts contain chemically zoned pyroxenes (4) and represent a 
extruded surface lava and incorporated into cool regolith by a smal l impact. 

Y7308 is a howardite rich in deep seated components such as Mg- rich 
orthopyroxene, and therefore it must be produced by a large scale impact, 
which may be comparable to lunar Mare Imbrium or Caloris ·Basin of Mercury . 
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This model on the parent body promoted the discovery of a diogenitic spot in 
eucritic mare regions on 4 Vesta by rotational observation of the reflec-
tance spectra (10). The petrologic study of Y7308 by Ikeda and Takeda (11) 
favors the fractional crystallization model to produce the layered crust(9). 

~he Y75032-type achondrites fill the compositional gap between dioge-
nites and the cumulate eucrites, and show chemical and mineralogical charac-
teristics intermediate between them in all respects (2). The Y75032-type 
achondrites sampled a transitional zone from diogenitic orthopyroxene and 
low-Ca inverted pigeonite and to cumulate eucrites in a trend of the frac-
tional crystallization (12). Y791073, Y791200, and Y791201 contain more 
cumulate eucrite components. The unique mineralogy and texture suggested 
that this transitional achondrites are paired and come from a restricted 
region of the layered crust (9). Yamato 74013-type diogenites including 29 
specimens show shock recrystallized textures indicating that they are pieces 
of a single fall (1). They may have been derived from beneath crater floor, 
where relatively slow cooling after shock heating produced such texture. 
All Yamato diogenites are different from the non-Antarctic ones. 

Our recent study of rare Antarctic monomict eucrite·s, Y791186 and 
Y792510 and a crystalline clast in Y790266, indicates that they are similar 
to the non-Antarctic ordinary eucrites texturally, but they belong to the 
Na-rich series of the fractional crystallization model (11), and are related 
to basaltic clasts in the Yamato polymict eucrites. Y790266 is a shocked 
clast-rich eucrite with a special chemical zoning of pyroxene with almost 
constant Mg concentration. Because non-Antarctic monomict eucrites are 
products of thermal annealing at or near the crater floor or wall by an 
impact according to cratering mechanics (12), we interpret that the trend of 
Y790266 is an intermediate in the course of homogenization. Remnants of the 
Mg-rich core of the originally zoned pyroxene found both in Y790266 and 
Y791186 support the above hypothesis. The fact that Y791186 and Y792510 
were almost completely homogenized but still the original chemical zoning 
can be traced, may suggest pairing, but other data are required to be sure 
of this suggestion. In the old layered crust model of parent body of the 
HED achondrites, the ordinary eucrites were placed between the lava eucrite 
and cumulate eucrite layer (19). The present model prefers that many 
ordinary eucrites with clouding of pyroxene and plagioclase may be placed at 
a crater floor and wall (12), and that thickness of this layer may be 
thinner than that proposed previously. 
(2) Ureilite Parent Body. Discoveries of Antarctic ureilites have almost 
doubled the numbers of meteorite samples in the ureilite group. Each of 
them showed some characteristic features, and are believed to be all differ-
ent falls. This situation is in real contrast with the Antarctic HED 
achondrites, in which many of them are pieces of the same fall (1) (4). 
The range of chemical compositions of olivines and pyroxene s from the 
Antarctic ureilites extended both towards the Mg-rich, Fe-rich and Ca-rich 
sides. The Fa contents of the core olivines expanded from 14 - 22 Atomic % 
to 8 - 24 Atomic %. A similar trend was found in single pigeonite crystal 
showing clouding from Y790981 and ALH81101, which show strong shock textur-
es. The facts suggest that more extensive process of the parent body scale 
may produce the ureilite chemical trend. 

The wide r range of the Fe/(Mg +Fe ) ratios i n pyroxene now available 
from the Antarctic ureilites enabled us to test system~tic variations of 
other elements with respect to the Fe/(Mg +Fe) ratios. Our plot ·of MnO/FeO 
ratio revealed weak anti-corelation as was found for chondrites (13). This 
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anti-corelation is the result of reequilibration in the solid state with 
little melt when the metal-silicate equilibrium is involved. The oxidation 
-reduction is an important process to produce a suite of ureilites. Little 
evidence of the presence of a planetary crust or layered structure for the 
ureilite parent body has been found. 
(3) LL Chondrite Parent Body. Among the chondrite classes, the LL chond-
rites preserve records of surface processes taken place on a planetary body. 
Chondritic vesicular melt breccias (e.g. Y790964) revealed shock partial 
melting and rapid cooling at near surface condition (14). Much slower 
cooling of a similar partially molten breccias may produce achondritic LL 
chondrites such as Y74160 (13). Mineralogical study of Y791067, which is 
similar to Y74160, indicates that it contains more olivine and more homoge-
neous plagioclase than those of Y74160. Removal of shock produced partial 
melt and much slower cooling may produce a meteorite similar to Brachina. 

In summary, the Antarctic meteorites may have been derived from regions 
different than those from which contemporary falls derive. Thus, they are 
useful in reconstruction of their parent bodies or masses. The discovery of 
a Vesta-like surface materials on near earth asteroid, 1915 Quetzalcoatl 
(15) suggests that fragments from different portions on a parent body may be 
delivered to earth in different time sequence. 

Author thanks National Inst. of Polar Res. and Meteorite Working Group 
for meteorite samples~ Prof. M. Lipschutz, Dr. L. McFadden for discussion. 
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METEORITIC ABLATION AND FUSION SPHERULES 
IN ANTARCTIC 'ICE 

K.Thiel, J.Peters, G.M.Raisbeck+, and F.Yiou+ 
Nuclear Chemistry Dept., University of Koln 
+ Laboratoire Rene Bernas, C.N.R.S., Orsay 

In the course of two Antarctic expeditions in 1980/81 and 
1982/83 approx. 4 metric tons of documented ice samples were col-
lected from the Atka Bay Ice Shelf (70°37'Sj8022'W), Antarctica, 
and subsequently shipped to Koln for cosmic dust studies. After 
filtration of the melt water using 0.8~m pore size acetat filters 
~700 Antarctic spherules (AAS) in the size range 5 ... 500~m were 
handpicked from the filter residue under optical microscopes. From 
their physical properties black metallic, mostly magnetic spherules 
(mean diameter 41±24~m, mean density 5.2±2.3g cm- 3 ) and glassy 
transparent spherules (95±25~m; 2.0±1.2g cm-3) can be distin-
guished. 
For the chemical investigation of single dust grains the following 
techniques were applied: Scanning electron microscopy (SEM), X-ray 
analysis (EDAX), instrumental neutron activation analysis (INAA), 
laser microprobe mass analysis (LAMMA) , and accelerator mass spec-
troscopy (AMS). For more than 95% of the total mass of spherules 
the bulk and trace elements were determined in single grain ana-
lyses using EDAX, INAA, and LAMMA. The largest sphere (306~g) was 
additionally analysed for Be-10 applying AMS at the Laboratoire 
Rene Bernas, Paris Sud. 

The element pattern of the dust particles was compared with that 
of typical terrestrial material (crustal rock, volcanic fly ash, 
steel) as well as meteoritic matter (C1-chondrites, iron meteori-
tes, mesosiderites, pallasites). 
The majority of the spherules exhibit elemental compositions com-
patible with meteoritic element patterns (cf. fig 1). One sphere 
representing approx. 40% of the total mass of all spherules was 
shown to be definitely extraterrestrial by accelerator mass spec-
trometry of Be-10. 
The analytical results lead to the conclusion that 93% (spherule 
size 0.2 ... 20~g) to 99% (spherule size 0.2 ... 300~g) of the total 
mass of the AAS are of extraterrestrial origin, the percentage 
depending on the size range of the spherules. 

From their outer appearance (roughness and texture of the surface) 
in the scanning electron microscope five different groups (A ... E) 
of metallic spherules may be distinguished, containing also dif-
ferent fractions of the bulk elements Fe, Si, and Mg (see table). 

Type Fe203 SiO ~ MgO Table 1 . Main types of 
metallic opaque 94% 3% n. d. A ca ca spherules from At-B II 90% II 5% ca 5% Bay/Antarctica. ka c II 74% II 19% II 2% 

D II 81 % II 3 % II 8 % 
E II 64% II 19% n.d. (n. d. not detected) 
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Fig 1. Element pattern of some of the AAS compared with the mean 
composition of meteorites 

Most of the glassy t ransparent type o f sphe r ule s t urn e d ou~ t o b e 
o f t e rr e strial origin. 
From the mass frequency distribution of the AAS in the mass range 
>lo- 6g the cumulative particle flux N of spherules having masses 
m exceeding a given particle mass mp can be derived to be 

N{ >mp) = 5.87 x lo-14mp-1.1 43{ m- 2s -l } 

This flux is higher than the (extrapolated) interplanetary meteo-
roid flux in the mass range <lo- 6g by a factor of 2 ... 3 (fig 2) 

The discrepancy is discussed in terms of a contribution to the 
AAS obj e cts due to atmospheric ablation and/or fusion of micro-
mete orite s in the mass range >lo- 6g. 
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ANT ARCTIC SPHERULES 
N = 5.8 7 x 10-14 mp -1 .143 

INTERPLANETARY 
METEOROID FLUX 
N = 2.27 x 10-15 mp-1.28 

(Grun et al. 1984) 

(This work) 

10-6 10-5 

MASS mp [9] 

References 

Fig 2. Cumulative particle 
flux of AAS and inter-
planetary meteoroids 
according to Grun et 
al. (1984) 1 

1 Grun, E., H. Fechtig, H.A. Zook, and R.H. Giese, (1984) 
Lunar Planet. Sci. XV, 333-334 
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The cosmogenic radionuclides lOBe, 2 6Al and 53 Mn and noble gases 
were determined in more than 28 meteorites from Antarctica by nu-
clear analytical techniques and static masspectrometry, respec-
tively. The results are summarized in table 1 and table 2. The 
concentrations of 2 6Al and 5 3Mn (Table 1) are normalized to the 
respective main target elements and given in dpm/kg Sie . and 
dpm/kg Fe. The errors stated include statistical as wel1 as sys-
tematical errors. For noble gas concentrations (Table 2) estimated 
errors are 5% and for isotopic ratios 1.5%. Cosmic ray exposure 
ages T21 were calculated by the noble gas concentrations and the 
terrestrial resistence times (T) on the basis of the spallogenic 
nuclide 20 Al. The suggested pairing (6) of the LL6 chondrites 
RKPA 80238 and RKPA 80248 and of the eucrites ALHA 76005 and ALHA 
79017 is confirmed not only by the noble gas data but also by the 
concentrations of the spallation produced radionuclides. Only the 
noble gas measurements seem to indicate a pairing of the H5 chon-
drites ALHA 80111 and ALHA 80124. Furthermore, ALHA 80122, clas-
sified as H6 chondrite (6), has a noble gas pattern which suggests 
that this meteorite also belongs to the ALHA 80111 shower. 
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1.) J.C.Evans and L.A.Rancitelli, Smithsonian Contributions to 
the Earth Sciences ll , 45, Washington 1980. 

2.) J.C.Evans et al., Smithsonian Contribution to the Earth Scien-
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56 

Meteorite Class 

ALHA 76oo5 Euc 
ALHA 77oo9 H6 
ALHA 77ol5 L3 
ALHA 772 16 L3 
ALHA 77257 Ure 
ALHA 77258 H6 
ALHA 77261 L6 
ALHA 77272 L6 
ALHA 77285 H6 
ALHA 77297 L6 
ALHA 78o43 L6 
ALHA 78o84 H4 

ALHA 781o2 HS 
ALHA 78113 Aub 
ALHA 78114 L6 
ALHA 79o17 Euc 
ALHA Bolll HS 
ALHA 8o122 H6 
ALHA 8o124 HS 
EETA 79ool Sher 
EETA 79oo2 Dio 
EETA 79oo4 Euc 
EETA 79oo5 Euc 
EETA 79oo6 How 
RKPA 78oo2 H4 

RKPA 8o2ol H6 

RKPA 8o213 H6 
RKPA 8o238 LL6 
RKPA 8o248 LL6 

Cosmic Ray Records 
Vogt St., et al. 

Sample 

[dpm/kg] 

+ .56 23.4 + .8 
.11 13.9-l.o 
.31 14.4 .:!:"1.2 
.45 21.1 ~ .8 
.69 21.2 +l.o 
.25 2o.2 -l.o 
.21 22.7~1.4 
.37 15.9- .6 
.14 16.8: .8 
.25 25.o + .9 
• 2o 19.4 • 7 
• 26 16.9.:!:".7 
. 34 18.4 .:!:"1.2 
.43 18.3.:!:".7 
. 62 17.5 ~ . 7 
.66 18.2 + .6 
.68 18.2 +l.o 
• 7o 17.6 + 1. o 
• 76. 18.6 + . 7 
. So 18.2+.8 
• 83 19.o + .9 
. 15 19.6 + .7 
.47 19.o +l.o 
• 19 16.8 + .6 
. 52 23.8- .8 

6 19.1!.6 
. 6 2o.7+1.o 

~:! ~i:~ ~ :~ 
.67 22.2 .:!:" .8 
.65 23.0 + .8 
• 31 23.8 + .8 
.38 17.9 :!:1.2 
.41 17.3:!: .8 
• 48 17.5 :!: • 9 
.11 18.1; .6 
. 14 2o. 5 -1 . o 

+ .16 13.0 ::j:.l.C.' 
o 14.5 +l.o 
o 19.7 -l.o 
7 19.7 :!: • 9 

53Mn 

[dpm/kg Fe] 

512. ~ 74. 
3o2. :!: 28. 
145. ~ 13. 
379. + 34. 
271. + 56. 
478. :!: 52. 
271. + 21. 

+ 245. + 32. 
41o. - 38. 
419. ~ 37. 
442. ~ 35. + 33o. 34. 
314. + 32. 
299. ~ 3o. 

;~~: : ;~~ 
323 . .:!:" 31 
326. + 33 • 
3o4. + 32 . 
359. + 36 • 
322. + 34 . 
327. + 37 • 

38o. + 34 . 
53o. + 75 . 
285. ~ 28. 
364. ~ 34. , 

+ 288. + 28. 
62. - 42. 

357. ~ 73. 
344. + 67. 

+ 419. 7o. 
436 • .:!:" 72 • + 335. + 29. 
34o. 31. 
348. ~ 32 . 
286. ~ 26. 

+ 3o. 
+ 27. 
+ 
~ ~:: 

327. 
3oo. 
24o. 
357. 
338. :!: 33. 

Sample 

• 14 

.19 
• 45 
.84 

.32 

.51 
• 0 

• 0 

.2/3 
(A) 
.16 
.58 
.13 
• 2 
.35 
.4o 
.46 
. 1o 
• 13 
• 15 
• 0 

• 0 

.o/7 

26Al 

[dpm/kg Si ] eq 

266. ; 26.~~ 
167. + 1~.1) 
172. + 2o. 2 ) 
191. 15. 
165. : 7.2) 
151. 11.2) 
172. ! 2o. 2 ) 
168. + 19.2) 
198. + 21.2) 
335. + 33.2) 
182. 15 . + 246. - 7 . + 224. 7 . 
.239. + 7. 

182. : 16. 2 ) 
327. + 23.2) 
182. 16. 
288. :: 14. 
237. :: 9. 
3 15 + 14. 

. + 3o. 
3~~: ~ 3. 
287. + 11. 
266. + 13. 

+ 286. + 1o. 
273. - 16. 

;~~: ; ~;: 
;~;: ~ ~: 

+ 2o6. 9 . 
245. ~ lo. 
284 . .:!:" 2o. 
267 • .:!:" 14. 
2o3. :!: 18. 

T 

[lo5 y] 

4.1 ~ 2.6 
+ 2.7 1.8 

4.1 :: 2.2 + 
3.1 + 1.8 
4.9 - 2.9 
B.o :!:" 2.o 

+ 
;:~ .:!:" ~:~ 
3.5 .:!:" 2.1 

~ .2 
5.4+1.7 

~ 1. 7 

2.9 :!:.2.1 

+ 
3.9 + 1.5 
3.8- 2.1 + 4.5- 1.3 
4.o :!: 1.5 

;;;; 1. 6 
. 3 .:!:" . 2 

;;;; 1. 0 

~ 1. 1 
~ 2.o 
;;;; 3.7 
;;;; 1.6 
+ 

2.o+1.4 
2.1- 1.2 + 2.9- 1.3 
3.8 .:!:" 1.4 
1.8.:!:"1.3 

:;; 1. 2 
;;; .6 
;;; 3. 3 

Table 1: 10Be-, 53Mn- and 26Al-concentrations and terrestrial residence 
times of Antarctic meteorites. 
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. 
Weight 3-He 4/3 20-Ne 21-Ne 22/21 20/22 38-Ar 36/38 40-Ar T~1 Meteorite 

[mg] tConcenlrations in 10-8 cm3STP/g] [ lo(, y] 

ALHA76005 134.8 12.3 85.7 2.09 2.16 1.15 .84 1. 79 .69 930. 11.5 
ALHA770.09 156.3 20.5 82.7 3.96 4.16 1.14 .84 .64 1.92 3530 16 
ALHA77015 231 .0 3.60 283 2.56 .82 1.34 2.33 15.5 5.29 2600 2.3 
ALHA77216 238.0 74.2 >1620 926 12.0 7.78 9.91 6.38 4.22 3750 -29 
ALHA77257 154.5 14.9 47.1 14.3 2.87 1.52 3.28 358. 5.29 600. -6.5 
ALHA77258 244.5 61.6 35. 1 11.4 12.5 1.09 .84 2.10 1.69 2340 40 
ALHA77261 214.9 12. 1 58.6 3.63 2. 12 1.23 1.39 .34 1.58 990. 8.0 
ALHA77272 254.0 8.32 29.9 1.65 1.31 1.25 1.00 .27 2.03 1520 6.5 
ALHA77285 150.4 53.1 24.2 11.5 12.6 1.08 .85 1.50 .89 2490 37 
ALHA77297 156.6 74.4 10. 1 15.0 16.4 1.09 .84 2. t 7 1.23 3640 48 
ALHA78043 159.3 30.9 13.2 7.32 6.56 1.13 .99 .90 .93 1910 21 
ALHA78102 233.8 19.5 86.1 2.90 2.98 1. 18 .82 .51 1.29 3410 13.5 
ALHA78113 188.2 35.6 12.0 10.6 11.5 1.09 .84 .53 1.46 1220 -23 
ALHA78114 203.7 32.0 11.6 7.51 5.98 1.16 1.08 .87 .93 1790 20 
ALHA79017 172.5 12.4 167 2.03 2.07 1.15 .86 2. 12 .71 2110 11 
AUiN30111 226.1 6.35 407 5.60 1.24 1.38 3.24 .39 3.32 5580 -4.0 
ALH,;80122 143. t 6.53 682 9.37 1.29 . 1 .58 4.57 .39 3. 11 5450 -4.0 
ALH!,80124 158.2 5.34 377 5. 15 1.22 1.35 3. 11 .47 3.51 4740 -4.0 
EE 1/\79001 (A) 131.0 1.00 39.3 • 168 • 138 1.27 .96 .076 2.21 105 .5 
Et.TA79002 172.5 39.8 4.9 5.96 6.09 1.18 .83 .4 7 • 73 10 -1] 
EEl /\79004 181 • 9 20.2 235 4.33 4.65 1.17 • 79 2.96 .75 1290 25 
EE T/\79005 139.7 31.1 109 4.61 4.67 1.18 .84 3.60 .77 1330 25 
EETA79006 172.4 13.9 103 4.08 4. 12 1.18 .84 3. 11 .77 1000 -15 
RKPA78002,38 175.6 9.73 148 2.54 2.38 1.09 .98 .46 2.67 5550 7.0 
RKPA7e002,41 174.6 9.41 13i' 2.31 2.00 1.12 1.03 .43 2.44 5140 6.5 
RKPf\78002 ,48 170.3 9.27 118 2.60 1.89 1.12 1.21 .46 2.24 4600 5.5 
RKPA80201, 11 171.9 11.6 106 2.03 1.86 1.14 .96 .45 1.88 5460 7.0 
RKPA8020 1 , 14 148.2 12.0 101 2.13 2.05 1.13 .92 .42 1.80 5740 7.5 
RKPf\80201,16 177.2 11.5 117 2.06 1.82 1.13 1.00 .44 1. 75 5210 6.5 
RKP/<.80213 180.9 55.4 3092 1076 4. 19 21.5 12.0 31.8 5.35 3650 -5 
RI:PM:s0238 177.2 35.7 44.9 7.07 5.76 1.20 1.02 .96 1.30 5360 24 
R~PA80248 154.4 38.7 41.5 6.02 5.83 1.20 .86 .93 1.07 5600 25 

Table 2: Concentrations and nuclide ratios of noble gases and noble gas 
exposure ages of Antarctic meteorites. 

Shielding corrected 21-Ne cosmic ray exposure ages for H and L 
chondrites are calculated, after correction for trapped gas con-
tributions, according (3), except for the values marked by"""", 
where trapped gas concentrations were too high. For these samples, 
(22-Ne/21-Ne)=1.1 and (22-Ne/21-Ne)=32 were assumed. Exposure 
ages for the achondritic samples were calculated with the elemental 
production rates given in (4), assuming mean chemical composition 
for the respective meteorite classes (5) 
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OVER 5,600 JAPANESE COLLECTION OF ANTARCTIC METEORITES: RECOVERIES, 
CURATION AND DISTRIBUTION; K. Yanai, and H. Kojima, National Institute of 
Polar Research(NIPR), 9-10, Kaga 1-chome, Itabashi-ku, Tokyo 173, Japan 

Recoveries of the Yamato ~leteori tes 
Up to 1969, only 6 pieces had been recovered from Antarctic continent. 

In .December 1969, the Japanese Antarctic Research Expedition(JARE) collected 
accidentally 9 meteorite pieces on the bare ice in the south of the Ya~ato 
~1ountains, East Antarctica(!). The nine specimens have been classified to 
the four types of meteorites belonging to enstatite chondrite (EH3), diogenite 
(granoblastic), Carbonaceous chondrite (C4) and six ordinary chondrites. 
Therefore most of them were indicated to be as some individual fall. 

In December 1973, twelve specimens including howardite were found on the 
bare ice near the Yamato f'1ountains{2). Eight specimens of them had been 
collected on the same bare ice field those of 1969 collection, and the others 
were collected on another bare ice which located 30-40 km north and north-west 
apart from those of the earliest founding. This evidence strongly indicated 
that there was high possibility of finding meteorites on the other bare ice. 

Great succesful field season had come in 1974, 663 of meteorite peices 
had been collected on the bare ice field around the Yamato Mountains in 
November and December 1974. About 200 specimens of them were found in the 
same area of those of the 1969 and 1973 collections by more systematic field 
work. Other over 400 specimens were found in the nevi areas which are located 
betv1een ~1assif A and Motoi Nunatak, west bare ice field of Massif A, around 
JARE-IV Nunataks and south of Massif B. The 1974 collection included several 
kinds of meteorites such as lodranite, pallasite, achondrites and ungrouped 
meteorite, but no iron(3,4). 

The systematic search for Antarctic t1eteorites had been initiated in 
Antarctic continent by JARE since the great discovery of 1974 season. Three 
hundred and eight specimens of meteorite including two irons ancf one unique 
diooenite were found in 1975 field season. Several ten meteorites of them 
located at the same area of previous findings, but most of them located at the 
area of new bare ice east of Massif D and Massif G(5). 

The first opinion for a concentration mechanism of Antarctic meteorites 
was proposed as a result of a dense concentration of Yamato r.1eteorites, in 
which meteorites were just on the bare ice surface(4). Occurrences of riOSt 
Yamato meteorites gave a useful suggestion on processes of dense concentration 

.mechanism. Antarctic meteorites fell into snow accumulation zone 1t1ere 
trapped in the gradually thicking ice sheet and they were transported to an 
abration zone with floting ice sheet. An abration zones are always closed at 
the mountains or nunataks and ice sheet stagnated there. Antarctic meteorites 
had ever been kept in ice for long time were appeared or. the bare ice surface 
after abration of snow and ice, and then most Antarctic meteorites were 
remained just as remnants there for long time. 

Search for meteorites has been done in 1979 field season was the most 
systematic, and it was initiated based on the theory for the dense 
concentration mechanism on Yamato meteorites. JARE party mainly searched the 
places of the stagnant ice sheet adjucent to the Yamato Mountains and several 
Nunataks located around the ~lountains. Over 3,600 specimens of meteorite were 
recovered on the bare ice in this field season. The collection contains the 
most pecular specimen as lunar meteorite, anorthositic regolith breccia. It 
was the first meteorite of lunar origin. The collection contains many kinds 
of meteorites like irons, lodranites, achondrites and carbona ceous 
chondrites(6). 
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In the 1980, 1981, 1982, 1983, 1984 field season, 13, 133, 211 42, and 58 
specimens were collected respectively. In particularly, 1982 collection 
included two lunar meteorites and C1. chondrite which was classfied 
preliminary. The total area of the bare ice exposed around the Yamato 
Mountains is of the order of 4000 square km. Ten JARE parties have been 
searched for meteortes there in the face of a great deal of danger, however 
much of it remains to be searched even now. The Yamato Mountains is the 
plaee with great possibility for more meteorites. 
Recoveries of the Victoria Land Meteorites: 

A Japan-U.S. program titled "Antarctic Search for Meteorites" was 
initiated as a result of spelended discoveries of meteorites in the Yamato 
Mountains. This program had succeeded in the area of the bare ice field of 
Victoria Land for three years since 197~ 

Eleven new meteorites were found in Victria Land at the first year. The 
first two meteorites in Victoria Land were located on the bare ice surface of 
the polar plateau adjucent the Wright Valley in December 1976. They consist 
of chondrites and were named Ht. Ba 1 dr Meteorite after the name of the 
nearlest mountain. Other nine meteorites were collected from the bare ice on 
the plateau side of Allan Nunatak, 230 km north of McNurdo Station in January 
1977. These were named Allan Hills Meteorites and consist of one iron, one 
eucrite and ordinary chondrites including over 400 kg specimen(?). 

In the second year the joint party collected about 300 specimens on the 
bare ice around Allan Hills, in December 1977 and January 1978. The 
collection of the second year consists of many ordinary chondrites, sevEral 
irons, few carbonaceous chondrites and few achondrites including unique type 
such as shergottite(8). 

In the last year the joint party searched several area and collected nine 
iron from the detritus of Derrick Peak, and over 300 specimens from the bare 
ice around Bates Nunatak, Meteorite Hills, Reckling Peak and Allan Hills in 
December 1978 and January 1979(9, 10). 
Curation on Yamato and Victoria Land Meteorites: 

Present Jananese collection of Antarctic Meteorites except Victoria Land 
are estimated to 5,618 pieces in total. Depantment of Antarctic Meteorites, 
NIPR, Tokyo has been processed all Japanese collections of Antarctic 
meteorites since 1975. All collected specimens have been numbered, weighed, 
taken photograph, and idintified and classified preliminary. All specimens 
are stored in a clean room with air condition at low temperature. 

The Yamato collections are included 7 stony-irons(contain six 
lodranites), 60 carbonaceous chondrites including the largest mass over 25 kg, 
many achondrites included aubrite, ureilites, diogenites, howardites, eucrites 
and anorthositic breccias(lunar meteorite), 4 enstatite chondrites and many 
ordinary chondrites. The call ecti ons might be contain doubt full and more nev: 
type specimens of meteorites. 
Japanese Antarctic Meteorite Sample Distribution: 

Since 1975, meteorite curator of NIPR has recieved 410 research proposals 
which had been sent from scientists in fifteen countories. Those proposals 
included several consortium studies such as lunar meteorite(s), Y-691 
enstatite chondrite and others. All research proposals should be judged by 
the Committee on Antarctic Meteorite Research of Japan. For the accepted 
proposals, over 2,100 samples have been allocated to scientists in the world. 
REFERENCES: (1) Yoshida M., Ando H., Naruse R. and Ageta Y. (1971) Antarctic 
Record ,Japan 39. p. 62-65. (2) Shiraishi K., Naruse R. and Kusunoki K. (1976) 
Antarctic Record, Japan 55. p. 49-60. (3) Yanai K.(1976) Antarctic Record, 
Japan 56. p. 70-81. (4) Yanai K. (1978) Memoirs of NIPR, Special issue 8. p. 
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Yanai K. {1981) ~temoirs of NIPR, Special Issue 20. p. 1-8. (7) Cassidy W .A. 
(1977) Antarctic Journal of the United State 12. p. 96-98. (8) Yanai K., 
Cassidy W.A., Funaki M. and Glass B.P.{1978) Proc. Lunar Sci. Conf. 9th, p. 
977-987. {9) Cassidy W.A.(1979) Antarctic Journal of the United State 15. p. 
41-42. (10) Shiraishi K. {1979) Memoirs of NIPR 15. p. 1-12. 

Table Types of Meteorite in the Yamato Collection 

Y-69 Y-73 Y-74 Y-75 Y-79 Y-80 Y-81 Y-82 Y-83 Y-84 

E chondrite 1 2 205 
H3 9 5 15 1 
L3 5 0 1 1 
LL3 2 1 1 
L-LL3 2 
H4 1 3 52 11 213 
L4 9 11 4 
LL4 3 1 
H5 3 2 236 11 68 1 
L5 7 5 6 
LL5 1 3 
H6 2 2 218 14 33 
L6 3 71 216 71 2 
LL6 1 5 5 2 
c.chondrite 1 4 3 31 7 15 
Shocked ch. 2 179 
Ungrouped ch. 6 5 
Iron 2 9 
Pa II as i te 1 
Mesosiderite 
Lodranite 1 1 3 1 
Aubr i te 1 
Urei I i te 4 3 1 
Diogenite 1 22 7 30 1 2 5 
Howard i te 1 15 3 
Eucr i te 3 5 39 10 
Anorth . Br. 1 2 
Unclassified 0 0 0 0 2746 11 124 170 43 58 

Total 9 12 663 308 3676 13 133 211 43 58 
. 




